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1.0 Introduction

1.1 Background

The U.S. Department of Energy (DOE) Office of Electricity Delivery and Energy Reliability (OE) is
charged with leading national efforts to modernize the electric grid, enhance energy infrastructure
reliability and security, and facilitate recovery from disruptions in electric power supply. In carrying out
this mission the OE, along with utilities and other entities, are investing funds to demonstrate and
deploy smart grid technologies and infrastructure. The intent of these demonstrations is to collect
sufficient real-world field data to verify the costs, performance and benefits of smart grid technologies
and systems operating on the electric grid.

OE created a Smart Grid Cost-Benefit Analysis (CBA) team to develop a common methodological
approach that can be applied to smart grid field projects to evaluate their performance, benefits and
costs. As part of this approach, the CBA team defined a standardized set of smart grid assets, functions,
and benefits as well as guidelines on the data that projects are to collect and provide so that OE can
calculate associated benefits. This approach was developed with the intent to have broad programmatic
application and to form the basis for consistently evaluating the cost and benefits of all smart grid
projects, including projects from the Smart Grid Demonstration Program (SGDP) and the Smart Grid
Investment Grant program (SGIG) introduced as part of the American Recovery and Reinvestment Act
(ARRA). In order to facilitate the evaluation of these and other smart grid projects using the approach
developed by the CBA team, a computational tool based on this approach was developed. This
document provides both comprehensive instructions for using this computational tool as well as an
explanation of the smart grid performance and benefits evaluation methodology.

1.2 Target Users and Purposes of the Smart Grid Computational Tool (SGCT)

The functionality that smart grid assets and systems enable can be translated into monetary value based
on the benefits they provide. The SGCT identifies the functions to be demonstrated by a smart grid
project and calculates the costs and benefits to help determine the project’s overall value. It does this by
analyzing real-world data', collected from a grid which utilizes smart grid technology, using algorithms
and calculations specifically developed to quantify benefits that smart grid systems are expected to yield.

This tool is intended to be used by a number of different stakeholders including:
»  The OE and DOE program managers, staff and contractors
»  DOE Project Teams ( i.e. project teams funded under OE’s RDSI program, EPRI smart grid
demonstration project teams, the Smart Grid Demonstration Program (SGDP) and the Smart
Grid Investment Grant program (SGIG)? teams)

! Some users may want to enter hypothetical values into the tool to calculate the potential benefits of a smart grid -
project. -

2 The Smart Grid Demonstration Program (SGDP) and the Smart Grid Investment Grant program (SGIG) were -
introduced as part of the American Recovery and Reinvestment Act (ARRA). -

DOE Sensitive — Do not photocopy or distribute without authorization
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» - Other interested groups (e.g. electric utilities, industry groups, advocacy groups, researchers,
regulators, the interested public).

OE and DOE Program Managers, staff, and contractors will use the SGCT to calculate and track the costs
and benefits of the smart grid technologies deployed by DOE smart grid demonstration and deployment
projects. By aggregating the analyses from all of the various projects, OE will be able to consider broader
impacts of smart grid technologies for the Nation, specifically on the following areas:

»  Reducing Peak Demand - The extent to which smart grid technology influences peak
demand reduction through the application of smart devices and how they might affect
consumer behavior and enable greater use of renewable and distributed resources;

»  Improving Asset Utilization and Operational Efficiency - The extent to which centralized
and distributed generation, transmission and distribution assets are better utilized through
demand-side management and deferral of infrastructure investments;

»  Enabling Distributed Energy Resources and Renewable Energy - The extent to which
additional penetration or additional features of distributed energy resources and renewable
energy are implemented due to the automation, control, and sensing abilities of the smart
grid;

»  Reducing Greenhouse Gas Emissions - The extent to which a smart grid might lead to
reduced emissions of environmental pollutants and reliance on foreign-supplied fuels;

»  Improving Reliability and Power Quality- The extent to which reliability is improved
through the application of smarter sensing, communications and control devices.

Furthermore, DOE can analyze SGIG project data using the SGCT to determine the incremental benefits
of the SGIG program. These analyses will help the DOE understand the impact of its investments on the
growth and implementation of the smart grid, thereby helping the DOE refine its strategy with respect to
encouraging investment into future smart grid technologies.

The SGCT will serve a wide range of stakeholders, from utilizes deploying smart grid technologies to
industry groups and the interested public. DOE Project Teams, as well as utilities implementing smart
grid projects independently of the DOE, can use the SGCT to determine and compare project benefits
and costs and to gain a clearer understanding of the value of smart grid technology and systems.
Furthermore, project teams will be able to use the SGCT to analyze costs and benefits under different
scenarios and assumptions which can help them further understand the risks and potential of a
particular project. Finally, project teams and associated organizations can leverage the insights provided
by the SGCT to inform future smart grid investment.

The SGCT will allow other groups (e.g. electric utilities, technology manufacturers, industry groups,
advocacy groups, researchers, regulators, and the interested public) to gain a better understanding of the
expected benefits of different types of smart grid projects. The SGCT can be used to help create paper
studies of smart grid projects by analyzing hypothetical datasets. For utilities, this understanding can
help inform smart grid investments. Having access to the SGCT will also allow these groups to better
understand the underlying cost/benefit calculation methodology behind the DOE evaluation of smart
grid technology.

DOE Sensitive — Do not photocopy or distribute without authorization
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1.3 Purpose of this Document

The purpose of this document is to provide step-by-step instructions for using the SGCT. This document
also provides a complete explanation of the analysis methodology the tool uses to determine and
quantify smart grid project benefits. The main body of this document provides a high level explanation
of the analysis methodology while the appendix provides more in-depth explanations of the analysis
methodology, the SGCT assumptions, and the cost and benefit calculations used to determine and
quantify smart grid project benefits. While a review of the appendix is not necessary to use or the tool or
understand its output, it can be referenced to gain a fully transparent and complete understanding of
how the tool works.

DOE Sensitive — Do not photocopy or distribute without authorization
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2.0 SGCT Analytical Framework

2.1 Smart Grid Benefits Determination Process

This section describes the methodology that the computational tool implements. In order to calculate the
benefits of a particular smart grid project, it is necessary to determine which smart grid functions and
mechanisms are activated by the technologies and assets proposed by the project. Figure 1 depicts how
smart grid assets are translated into monetary value.

Figure 1. Illustration of the Translation of Smart Grid Assets to Monetary Value

What are Smart What does the How does it What “goodiess”  What is the
Grid technologies?  Syart Grid do? do that? vesults? goodiess worth?

Benefits HnERC

Mechanisms

Assets Functions

Value

Example
Eis teibuiion Automatic Improves feeder  Reduced feeder
e voltageand VAR  voltage losses worth $60  $6,000
¢ control regulation per MWh

The first step in identifying a project’s benefits and associated monetary value is to identify the assets to
be deployed. Assets describe the smart grid technologies that will be deployed. In the next step, these
assets give rise to a list of possible functions, from which the relevant items must be selected. Functions
describe what the smart grid does. Next, each function that a project enables gives rise to a unique list of
possible mechanisms, from which the relevant items must again be selected. Mechanisms describe the
specific ways the smart grid exercises each function. The final list of functions and associated
mechanisms is directly associated with a list of achievable smart grid benefits. Finally, if project data are
available, the monetary value of each realized benefit is calculated. Monetary value of project benefits
can be aggregated or used directly in a cost benefit analysis. The monetary value of the benefits could be
attributed to ratepayers, utilities, society or a combination of these parties depending on the nature of
the benefit. However, the SGCT does not make this type of designation and instead aggregates all
benefits regardless of who the likely benefactor is.

In this way, the final list of smart grid project benefits is derived from known relationships among
project assets, functions, mechanisms and benefits. As depicted by Figure 2, these are typically complex
relationships that can involve multiple assets mapping to multiple functions, mechanisms and benefits.

DOE Sensitive — Do not photocopy or distribute without authorization
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Figure 2. Illustration of Asset, Function, Mechanism, Benefit mapping

Asset A Function A Mechanism A Benefit £1

Asset B Function B Mechanism B > Benefit 2

Asset C Function C 4 Mechanism C Benefit #3

|
Asset D Function D Mechanism D I Benefit #4

2.2 Relationships of Assets to Functions

The first step in this mapping process is to identify the smart grid assets that a project will implement.
Smart grid assets can be used together to support different types of functions to realize smart grid
benefits. Smart grid assets can be grouped based on their location on the grid and could include:

»  Advanced Interrupting Switch (e.g. PulseCloser™)
» AMI/Smart Meters

» Controllable/regulating Inverter

» Customer EMS/Display/Portal

» Distribution Automation

»  Distribution Management System

» Enhanced Fault Detection Technology
» Equipment Health Sensor

» FACTS Device

»  Fault Current Limiter

»  Loading Monitor

» Microgrid Controller

»  Phase Angle Regulating Transformer

»  Phasor Measurement Technology
» Smart Appliances and Equipment (Customer)
» Software — Advanced Analysis/Visualization

» Two-way communications (high bandwidth)

» Vehicle to Grid Charging Station

»  Very Low Impedance (High Temperature Superconducting ) Cables
» Enabled Energy Resources

DOE Sensitive — Do not photocopy or distribute without authorization
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A host of smart grid technologies could be included within the scope of each the asset categories above.
Table 1 below provides a description of each asset.

DOE Sensitive — Do not photocopy or distribute without authorization
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Table 1. Descriptions of Assets

Asset Description

DELIVERY

Advanced Interrupting
Switch

Switches or technology that can detect and clear faults more quickly or without a traditional reclosing sequence.

AMI/Smart Meters

Electricity meters that utilize two-way communication in order collect electricity usage and related information from
customers and deliver information to customers.

Controllable/regulating
Inverter

AC to DC converters that properly regulate voltage and can be controlled remotely. These devices can significantly
increase the integration of renewable or intermittent sources of electricity.

Management System

Customer Devices or portals through which energy and related information can be communicated to and from utilities or third

EMS/Display/Portal party energy service providers. These devices can also help customers control electricity usage automatically by
leveraging signals from the utility or owner set parameters.

Distribution Distribution devices that can be used to perform automatic switching, reactive device coordination, or other feeder

Automation operations/control.

Distribution A Distribution Management System (DMS) is a utility IT information system capable of integrating, organizing,

displaying and analyzing real-time or near real-time electric distribution data in order to offer a wide range of
operational benefits. These systems can improve operations, increase system efficiency, optimize power flows, prevent
overloads, improve power flows, prevent overload, improve outage management, and enable other decision support
tools. These systems can integrate traditional IT information systems such as GIS, OMS, and CIS to create a system that
allows for a more holistic and automated treatment of the distribution management problem.

Enhanced Fault
Detection Technology

Enhanced fault detection technology enables higher precision and greater discrimination of fault location and type
with coordinated measurement among multiple devices. For distribution applications, this technology can detect and
isolate faults without full-power re-closing, reducing the frequency of through-fault currents. Using high resolution
sensors and fault signatures, this technology can better detect high impedance faults. For transmission applications,
this technology will employ high speed communications between multiple elements (e.g., stations) to protect entire
regions, rather than just single elements. It can also use the latest digital techniques to advance beyond conventional

DOE Sensitive — Do not photocopy or distribute without authorization
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impedance relaying of transmission lines.

Equipment Health Monitoring devices that automatically measure and communicate equipment characteristics that are related to the

Sensor "health" and maintenance of the equipment. These characteristics can include, but are not limited to temperature,
dissolved gas, and loading. These devices can also automatically generate alarm signals if the equipment characteristics
reach critical or dangerous levels.

FACTS Device A power electronic based system and other static equipment that provide control of one or more AC transmission

system parameters to enhance controllability and increase power transfer capability.

Fault Current Limiter

Devices that can be inserted into the grid in order to automatically limit the amount of through current the system
experiences during a fault event.

Loading Monitor Technology that can measure and communicate line, feeder, and/or device loading data via a communication network
in real- or near real-time.

Microgrid Controller Devices that control and enable the establishment of microgrids. Microgrids are defined as electrical systems that
include multiple loads and distributed energy resources that can be operated in parallel with the grid or as an electrical
island.

Phase Angle Transformers that enable phase angle control between the primary (source) and the secondary (load) side to create a

Regulating phase shift between the primary side voltage and the secondary side voltage. The purpose of this phase shift is to

Transformer control the real power flow through interconnected power systems.

Phasor Measurement
Technology

The Phasor Measurement Units, Phasor Data Concentrators, communications technology, and advanced software
applications that enables system operators to collect and analyze synchrophasor data from the bulk transmission
system.

Smart Appliances and
Equipment (Customer)

Home appliances and devices (For example, thermostats, pool pumps, clothes washers/dryers, water heaters, etc.) that
utilize wireless technology (i.e. ZigBee) to receive real-time data from the AMI system in order to control or modulate
their operation.

Software - Advanced
Analysis/Visualization

Systems installed to analyze grid information or help human operators.

DOE Sensitive — Do not photocopy or distribute without authorization
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Two-way A two-way communications infrastructure that can network one or more parts of the smart grid via secure, high speed,
Communications (high | high bandwidth connections. This infrastructure system serves as the backbone of the customer systems, AMI,
bandwidth) distribution, and transmission smart grid systems.

Vehicle to Grid An electric vehicle charging station that utilizes communications technology to enable it to intelligently integrate two-
Charging Station way power flow enabling electric vehicle batteries to become a useful utility asset.

Very Low Impedance Cables that utilize conducting materials that are very low impedance which can enable better power flow control.
(High Temperature Cables that utilize High Temperature Superconducting (HTS) conductor would be characterized as a VLI cable. HTS
Superconducting) cables may enable additional benefits such as lower losses, increased power density, and self-fault limiting.

cables

DOE Sensitive — Do not photocopy or distribute without authorization
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These assets can be implemented to modernize the delivery and use of electricity through thirteen

functions defined in Table 2:

»  Fault Current Limiting

»  Wide Area Monitoring and Visualization and Control
»  Dynamic Capability Rating

»  Power Flow Control

»  Adaptive Protection

»  Automated Feeder and Line Switching

»  Automated Islanding and Reconnection

»  Automated Voltage and VAR Control

»  Diagnosis and Notification of Equipment Condition
»  Enhanced Fault Protection

»  Real-time Load Measurement and Management

»  Real-time Load Transfer

»  Customer Electricity Use Optimization

An important smart grid function is integration of certain energy resources such as those defined in

Table 3. These Enabled Energy Resources (EERs) include:
»  Distributed Generation (DG)
»  Stationary Electricity Storage (ES)
»  Plug-in Electric Vehicles (PEV)

Table 4 presents the relationship between smart grid assets and smart grid functions.

DOE Sensitive — Do not photocopy or distribute without authorization
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Table 2. Definitions of Functions

DELIVERY

Fault Current

Fault current limiting can be achieved through sensors, communications, information processing, and actuators that allow the
utility to use a higher degree of network coordination to reconfigure the system to prevent fault currents from exceeding

Limiting damaging levels. Fault current limiting can also be achieved through the implementation of special stand alone devices known as
Fault Current Limiters (FCLs) which act to automatically limit high through currents that occur during faults.
Wide Area . - e . . . - . . .
Monitoring Wide area monitoring and visualization requires time synchronized sensors, communications, and information processing that
4

Visualization, &
Control

make it possible for the condition of the bulk power system to be observed and understood in real-time so that protective,
preventative, or corrective action can be taken.

Dynamic
Capability Rating

Dynamic capability rating can be achieved through real-time determination of an element’s (e.g., line, transformer etc.) ability to
carry load based on electrical and environmental conditions.

Power Flow

Flow control requires techniques that are applied at transmission and distribution levels to influence the path that power (real &
reactive) travels. This functionality is enabled by tools such as flexible AC transmission systems (FACTS), phase angle regulating

Control . X .
transformers (PARs), series capacitors, and very low impedance superconductors.
Adaotive Adaptive protection uses adjustable protective relay settings (e.g., current, voltage, feeders, and equipment) that can change in
Protfction real time based on signals from local sensors or a central control system. This is particularly useful for feeder transfers and
two-way power flow issues associated with high DER penetration.
Automated Automated feeder and line switching is realized through automatic isolation and reconfiguration of faulted segments of
Feeder and Line distribution feeders or transmission lines via sensors, controls, switches, and communications systems. These devices can operate
Switching autonomously in response to local events or in response to signals from a central control system.

DOE Sensitive — Do not photocopy or distribute without authorization
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Table 2. Definitions of Functions (Continued)

Automated islanding and reconnection is achieved by automated separation and subsequent reconnection (autonomous

g;latgzli;tgein d synchronization) of an independently operated portion of the T&D system (i.e., microgrid) from the interconnected electric grid. A
Reconnection microgrid is an integrated energy system consisting of interconnected loads and distributed energy resources which, as an

integrated system, can operate in parallel with the grid or as an island.
Automated Automated voltage and VAR control requires coordinated operation of reactive power resources such as capacitor banks, voltage
Voltage and VAR | regulators, transformer load-tap changers, and distributed generation (DG) with sensors, controls, and communications systems.
Control These devices could operate autonomously in response to local events or in response to signals from a central control system.
Diagnosis & Diagnosis and notification of equipment condition is defined as on-line monitoring and analysis of equipment, its performance, and
Notification of operating environment in order to detect abnormal conditions (e.g., high number of equipment operations, temperature, or
Equipment vibration). Asset managers and operations personnel can then be automatically notified to respond to conditions that increase the
Condition probability of equipment failure.

Enhanced fault protection requires higher precision and greater discrimination of fault location and type with coordinated

measurement among multiple devices. For distribution applications, these systems will detect and isolate faults without full-power
Enhanced Fault re-closing, reducing the frequency of through-fault currents. Using high resolution sensors and fault signatures, these systems can
Protection better detect high impedance faults. For transmission applications, these systems will employ high speed communications between

multiple elements (e.g., stations) to protect entire regions, rather than just single elements. They will also use the latest digital
techniques to advance beyond conventional impedance relaying of transmission lines.

Real-time Load
Measurement
and Management

This function provides real-time measurement of customer consumption and management of load through Advanced Metering
Infrastructure (AMI) systems (smart meters, two-way communications) and embedded appliance controllers that help customers
make informed energy use decisions via real-time price signals, time-of-use (TOU) rates, and service options.

Real-time Load

Real-time load transfer is achieved through real-time feeder reconfiguration and optimization to relieve load on equipment, improve

Transfer asset utilization, improve distribution system efficiency, and enhance system performance.

USE
Customer Customer electricity use optimization is possible if customers are provided with information to make educated decisions about their
Electricity Use electricity use. Customers could be able to optimize toward multiple goals such as cost, reliability, convenience, and environmental
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Function Definition

Optimization impact.

Table 3. Definitions of Enabled Energy Resources

Enabled Energy Definition
Resource

Smart grid assets can allow utilities to remotely operate distributed generation systems to control output, defer upgrades to

Distributed generation and T&D assets, and improve voltage regulation. Distributed generation includes dispatchable, distributed

Generation (DG) generation such as combined heat and power, fossil fuel powered backup generators, bio-fuel powered backup generators
(e.g., biodiesel, waste to energy, digester gas) or geo-thermal energy. It also includes variable, distributed generation such as
solar and wind.

Stationary Electricity Remote utility control of electricity storage inflow/outflow reduces energy costs and enhances power generation and T&D

Storage capacity utilization.

Plug-in Electric Remote utility control of plug in hybrid electric vehicles (PHEV) and electric vehicles (EV) inflow/outflow reduces energy costs

Vehicles and enhances power generation and T&D capacity utilization.

DOE Sensitive — Do not photocopy or distribute without authorization
© 2009 Navigant Consulting, Inc. 4



NAVIGANT

CONSULTING

Table 4. Smart Grid Assets and Functions

Functions

Enahled Energy
Delivery |Use Resources

Smart Grid Assets

Automated Feeder and Line
Automated Voltage and VAR
Real-Time Load Measurement &

Switching
Diagnosis & Notification of

Automated Islanding and
Customer Electricity Use

Fault Current Limiting
Wide Area Monitoring,

Equipment Condition
Real-time Load Transfer
Distributed Generation

Dynamic Capability Rating
Adaptive Protection

Plug-in Electric Vehicles

Stationary Electricity Storage

Management
Optimization

Reconnection
Control

Visualization, and Control
Power Flow Control

Advanced Interrupting Switch

* [Enhanced Fault Protection

AMI/Smart Meters . ] .

Controllable/regulating Inverter i i ; A

Customer EMS/Display/Portal .

Distribution Automation P el e i e e ;e

Distribution Management System ' - . LI ] '

Enhanced Fault Detection Technology : R : Lo

Equipment Health Sensor e i .

FACTS Device .
Fault Current Limiter . E : 5

Loading Monitor . .

Microgrid Controller .

Phase Angle Regulating Transformer -

Phasor Measurement Technology P e e leie Lo e L

Smart Appliances and Equipment {Customer) § § : : : .

Software - Advanced Analysis/Visualization Poe e

Two-way Communications (high bandwidth) Poe - . . Poe . -

Wehicle to Grid Charging Station .
Very Low Impedance {High Temperature Superconducing) cables . : ] ; ; ] ; ; ]

Enabled Energy Resources
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Each function has a unique set of possible mechanisms associated with it. Mechanisms are very
descriptive in nature since their purpose is to further specify how the function will be utilized in a given
project. For example the Automated Feeder and Line Switching function can be utilized to:

e Reduce truck rolls

¢ Reduce fault location isolation service restoration (FLISR) time

e Reduces manual labor hours associated with line switching

e Reduces manual labor hours associated with restoration
Each of the bullet points above is a mechanism of the Automated Feeder and Line Switching function.
However, a project with this functionality might not use it in all of the ways described above, instead
only a subset of these possible mechanisms may be expressed in the project. Depending on which of these
mechanisms are applicable the Automated Feeder and Line Switching function will lead to different
benefits. So in the strictest sense it is the function mechanism pairing that determines the benefits of a
project. The complete list of mechanisms applicable to all the various functions is too large and varied to
list in this guide. Because the mechanisms are meant to be descriptive and self explanatory a full listing of
them here would provide little value. To avoid the unnecessary complication of discussing how function
mechanism pairs map to benefits, from this point forward whenever functions are referred to it will be
with the assumed understanding that all possible mechanisms associated with that function are
expressed. This assumption allows the relationship between functions and benefits to be explained in a
much clearer and concise way since functions can be related directly to full range of benefits they could
enable.

2.3 Relationships of Functions to Benefits

Benefits are identified and categorized as Economic, Reliability, Environmental or Security. As shown in
Table 5, these four benefit categories comprise 10 subcategories and 22 individual smart grid benefits.
Table 6 presents a description of each benefit, and Table 7 presents the relationships of functions to
benefits. The rationale for the association of benefits with each function is described in sub-sections
below.

Table 5. List of Smart Grid Benefits

Benefi
Benefit Category Sub ec::elgtory Benefit

Optimized Generator Operation

Improved Asset Deferred Generation Capacity Investments
Utilization Reduced Ancillary Service Cost

Reduced Congestion Cost

Deferred Transmission Capacity Investments
T&D Capital Savings Deferred Distribution Capacity Investments
Economic Reduced Equipment Failures

Reduced T&D Equipment Maintenance Cost
T&D O&M Savings Reduced T&D Operations Cost
Reduced Meter Reading Cost

Theft Reduction Reduced Electricity Theft

Energy Efficiency Reduced Electricity Losses

Electricity Cost Savings | Reduced Electricity Cost

DOE Sensitive — Do not photocopy or distribute without authorization
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Benefit
Benefi Benefi
enefit Category Sl i enefit
Reduced Sustained Outages
Power Interruptions Reduced Major Outages
Reliability Reduced Restoration Cost
. Reduced Momentary Outages
Power Quality Reduced Sags and Swells
Environmental Air Emissions Reduced CO: Emissions
Reduced SOx, NOx, and PM-2.5 Emissions
. . Reduced Oil Usage
Security Energy Security Reduced Wide-scale Blackouts
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Table 6. Description of Benefits

Benefit ‘ Description

Better forecasting and monitoring of load and grid performance would enable grid operators to dispatch a more
Optimized Generator | efficient mix of generation that could be optimized to reduce cost. The coordinated operation of energy storage,

Operation distributed generation, or plug-in electric vehicle assets could also result in completely avoiding central generation
dispatch.
Utilities and grid operators ensure that generation capacity can serve the maximum amount of load that planning and
Deferred Generation operations forecasts indicate. The trouble is, this capacity is only required for very short periods each year, when

Capacity Investments | demand peaks. Reducing peak demand and flattening the load curve should reduce the generation capacity required
to service load, and lead to cheaper electricity for customers.

Ancillary services are necessary to ensure the reliable and efficient operation of the grid. The level of ancillary services

Reduced Ancillary required at any point in time is determined by the grid operator and/or energy market rules. Ancillary services,

Service Cost including spinning reserve and frequency regulation, could be reduced if: generators could more closely follow load;

peak load on the system was reduced; power factor, voltage, and VAR control were improved; or information
available to grid operators were improved.

Transmission congestion is a phenomenon that occurs in electric power markets. It happens when scheduled market
transactions (generation and load) result in power flow over a transmission element that exceeds the available capacity
Reduced Congestion for that element. Since grid operators must ensure that physical overloads do not occur, they will dispatch generation
Cost so as to prevent them. The functions that provide this benefit provide lower cost energy, decrease loading on system
elements, shift load to off-peak, or allow the grid operator to manage the flow of electricity around constrained
interfaces (i.e. dynamic line capability or power flow control).

Deferred Reducing the load and stress on transmission elements increases asset utilization and reduces the potential need for
Transmission upgrades. Closer monitoring, rerouting power flow, and reducing fault current could enable utilities to defer upgrades
Capacity Investments | on lines and transformers.

As with the transmission system, reducing the load and stress on distribution elements increases asset utilization and
reduces the potential need for upgrades. Closer monitoring and load management on distribution feeders could
potentially extend the time before upgrades or capacity additions are required.

Deferred Distribution
Capacity Investments

Reduced Equipment Reducing mechanical stresses on equipment increases service life and reduces the probability of premature failure.
Failures This can be accomplished though enhanced monitoring and detection, reduction of fault currents, enhanced fault
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Benefit

Description

protection, or loading limits based on real-time equipment or environmental factors.

Benefit

Reduced T&D
Equipment
Maintenance Cost

Table 5. Description of Benefits (Continued)
Description

The cost of sending technicians into the field to check equipment condition is high. Moreover, to ensure that they
maintain equipment sufficiently, and identify failure precursors, some utilities may conduct equipment testing and
maintenance more often than is necessary. Online diagnosis and reporting of equipment condition would reduce or
eliminate the need to send people out to check equipment resulting in a cost savings.

Automated or remote controlled operation of capacitor banks and feeder and line switches eliminates the need to send

Reduced T&D
. a line worker or crew to the switch location in order to operate it. This reduces the cost associated with the field service
Operations Cost . .
worker(s) and service vehicle.
Reduced Meter Advanced Metering Infrastructure (AMI) equipment eliminates the need to send someone to each location to read the
Readine Cost meter manually leading to reduced meter operations costs. AMI technology can also reduce costs associated with
& other meter operations such as connection/disconnects, outage investigations, and maintenance.
.. Smart meters can typically detect tampering. Moreover, a meter data management system can analyze customer usage
Reduced Electricity . . o . . s Lo .
Theft to identify patterns that could indicate diversion. These new capabilities can lead to a reduction in electricity theft
e
through earlier identification and prevention of theft.
Functions that provide this benefit could help manage peak feeder loads, reduced electricity throughput, locate
Reduced Electricity electricity production closer to the load and ensure that voltages remain within service tolerances, while minimizing
Losses the amount of reactive power provided. These actions can reduce electricity losses by making the system more
efficient for a given load served or by actually reducing the overall load on the system.
Reduced Electricity Functions that provide this benefit could help alter customer usage patterns (demand response with price signals or
Cost direct load control), or help reduce the cost of electricity during peak times through either production (DG) or storage.
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Benefit

Reduced Sustained
Outages

Table 5. Descriptions of Benefits (Continued)

Description

A sustained outage is one lasting > 5 minutes, excluding major outages and wide-scale outages. The monetary benefit
of reducing sustained outages is based on the value of service (VOS) of each customer class. The VOS parameter
represents the total cost of a power outage per MWh. This cost includes the value of unserved energy, lost
productivity, collateral damage, administrative costs, the value of penalties and performance based rates. Functions
that lead to this benefit can reduce the likelihood that there will be an outage, allow the system to be reconfigured on
the fly to help restore service to as many customers as possible, enable a quicker response in the restoration effort, or
mitigate the impact of an outage through islanding or alternative power supply.

Reduced Major
Outages

A major outage is defined using the beta method, per IEEE Std 1366-2003 (IEEE Power Engineering Society 2004). The
monetary benefit of reducing major outages is based on the value of service (VOS) of each customer class. The VOS
parameter represents the total cost of a power outage per MWh. This cost includes the value of unserved energy, lost
productivity, collateral damage, the value of penalties and performance based rates. Functions that lead to this benefit
can mitigate major outages by allowing the system to be reconfigured on the fly to help restore service to as many
customers as possible, enable a quicker response in the restoration effort, or mitigate the impact of an outage through
islanding or alternative power supply.

Reduced Restoration

The functions that provide this benefit lead to fewer outages and/or help restore power quicker or with less manual
labor hours, which results in lower restoration costs. These costs can include line crew labor/material/equipment,

Cost support services such as logistics, call centers, media relations, and other professional staff time and material
associated with service restoration.
By locating faults more accurately or adding electricity storage, momentary outages could be reduced or eliminated.
Reduced Momentary | Moreover, fewer customers on the same or adjacent distribution feeders would experience the momentary
Outages interruptions associated with reclosing. Momentary outages last <5 min in duration. The benefit to consumers is based
on the value of service.
Locating high impedance faults more quickly and precisely and adding electricity storage will reduce the frequency
and severity of the voltage fluctuations that they can cause. Installing advanced reclosers that only allow a limited
Reduced Sags and . .
Swells amount of current to flow through them upon reclosing can also reduce voltage fluctuations. Moreover, fewer

customers on the same or adjacent distribution feeders would experience the voltage fluctuation caused by the fault.
The benefit to consumers is based on the value of service.
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Table 5. Descriptions of Benefits (Continued)

Benefit Description
Functions that provide this benefit can lead to avoided vehicle miles, decrease the amount of central generation
Reduced CO: needed to their serve load (through reduced electricity consumption, reduced electricity losses, more optimal
Emissions generation dispatch), and or reduce peak generation. These impacts translate into a reduction in CO2 emissions
produced by fossil-based electricity generators and vehicles.
Functions that provide this benefit can lead to avoided vehicle miles, decrease the amount of central generation
Reduced SOx, NOx, needed to their serve load (through reduced electricity consumption, reduced electricity losses, more optimal

and PM-2.5 Emissions

generation dispatch), and or reduce peak generation. These impacts translate into a reduction in pollutant emissions
produced by fossil-based electricity generators and vehicles.

Reduced Oil Usage
(not monetized)

The functions that provide this benefit eliminate the need to send a line worker or crew to the switch or capacitor
locations in order to operate them, eliminate the need for truck rolls to perform diagnosis of equipment condition, and
reduce truck rolls for meter reading and measurement purposes. This reduces the fuel consumed by a service vehicle
or line truck. The use of PEVs can also lead to this benefit since the electrical energy used by PEVs displaces the
equivalent amount of oil.

Reduced Wide-scale
Blackouts

The functions that lead to this benefit will give grid operators a better picture of the bulk power system, and allow
them to better coordinate resources and operations between regions. This will reduce the probability of wide-scale
regional blackouts.
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Table 7. Smart Grid Functions and Benefits
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2.3.1 Fault Current Limiting

Very high currents due to short circuits can cause severe mechanical stress on equipment, resulting in
failure or damage over time. These high currents can be limited to safe levels by inserting an electrical
resistance into the circuit between the sources of the fault current and the equipment that must be
protected. This capability is generally sought for application at the transmission level, but some utilities
may also apply fault current limiters (FCL) on distribution where cost effective. FCLs are not
commercially available at this time. Several equipment suppliers and research organizations (including
DOE and EPRI) are pursuing the development of FCLs based on high temperature superconductivity
(HTS) materials or semiconductor based devices. These advanced devices have a combination of
performance characteristics that may make them practical for general application by utilities. However,
this is several years away, and these will not likely be seen in near term projects. In the longer term, this
function can lead to two benefits:

»  Deferred Transmission Capacity Investments - Fault currents that exceed the interrupting
capability of circuit breakers can lead utilities to either replace the breakers with higher
capability units, or reconfigure one or more substations. Both solutions can be very expensive
and challenging from an operational perspective, particularly for critical substations. An FCL
can prevent currents from exceeding the interrupting ratings of circuit breakers, which would
allow the utility to defer or eliminate the need for upgrades or reconfiguration.

»  Reduced Equipment Failures - The FCL limits the level of fault current that flows through
equipment, and reduces the associated mechanical stress and damage. This can increase
equipment service life and reduce the probability of premature failure.

2.3.2 Wide Area Monitoring, Control and Visualization

Wide area monitoring and Control (WAMOC) is the ability to monitor and control transmission system
conditions over large regions (multiple states) and display this information in ways that human
operators can accurately interpret and act upon. Technologies such as phasor measurement units, data
concentrators, and advanced software are used to provide a real-time operating picture of the bulk
transmission system. This information will be available in grid control centers to help operators observe,
analyze, and operate the system more precisely and reliably. This function can lead to six benefits:

»  Optimized Generator Operation — All of the generators within an electrical interconnection
are naturally synchronized with the system frequency. Each unit can produce real and
reactive power, and contribute to the overall electrical stability of the interconnected system.
Until recently, grid operators could only “observe” and analyze the stability performance of
these generators using complex off-line simulation tools. WAMC, including phasor
measurement units (PMUs) is enabling operators to observe the voltage and current
waveforms of the bulk power system at very high levels of detail. This capability will provide
deeper insight into the real-time stability of the power system, and the effects of generator
dispatch and operation. It will allow operators to potentially optimize individual generators,
and groups of generators, to improve grid stability during conditions of high system stress.

» - Reduced Ancillary Service Cost - Ancillary services are necessary to ensure the reliable and
efficient operation of the grid. As discussed above, ancillary services are provided by
generators, and generally include operating reserves, frequency regulation, and voltage and
VAR support. The level of ancillary services required at any point in time is determined by
the grid operator and/or energy market rules. To a great extent, the level of ancillary services
required is based on extensive operating experience and planning studies. Because of
limitations in operating information and coordination between regional power grids,
ancillary service levels may be necessarily conservative to ensure grid reliability. By
improving the information available to grid operators, it is possible that ancillary service
levels could be reduced, decreasing the cost of energy for market participants and utilities.

» - Reduced Congestion Cost — As discussed under Optimized Generator Operation, WAMC
allows grid operators a high resolution view of the power system and its stability. In many
cases, transmission capability is limited by stability, not thermal capacity. To the extent that
WAMC could enable grid operators in raise the stability limit of a transmission line or system
interface, congestion could be reduced without reducing grid reliability.

» - Deferred Transmission Capacity Investments — Raising the stability limit of a transmission
line or grid interface could defer an upgrade need to increase capacity and reduce congestion.
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»  Reduced Major Outages - WAMC could help improve grid stability, and help grid operators
avoid conditions that could lead to generator tripping or other results that could cause
outages.

»  Reduced Wide-scale Blackouts — Wide area monitoring will give grid operators in each
control area a better picture of the bulk power system and allow them to better coordinate
resources and operations between regions. This enhanced coordination will reduce the
probability of wide-scale blackouts.

2.3.3 Dynamic Capability Rating

Capability ratings for power lines and equipment are typically based on thermal limits. Because of the
inherent electrical resistance of normal conductor, the more current they carry, the hotter they become.
Ratings on equipment (like transformers) are limited by the amount of heat that can be tolerated before
damage or degradation occurs. Ratings on transmission lines are typically based on how low the
conductor sags due to heating. Some transmission lines are stability limited, and are not operated up to
their thermal limits.

Since ambient conditions like air temperature, wind speed, and moisture affect heat rejection from
equipment, they can significantly affect the true power handling capability of lines and equipment.
Utilities typically assign ratings to lines and equipment to account for seasonal changes, and also
emergency conditions. These ratings are based on manufacturer specifications, utility standards, and
operating experience. Although these ratings schedules attempt to account for changes in ambient
conditions, they cannot account for the actual conditions in which system elements are operating at any
point in time. For much of the time, these ratings are probably conservative, and may limit loading
unnecessarily.

Dynamic Capability Rating utilizes sensors, information processing and communications to give grid
operators a clearer picture of the true capability of network elements in real time. In cool or windy
conditions, this could allow a grid operator to load a transmission line beyond its basic rating without
overheating. In extremely hot weather, this could prevent a transformer from being loaded to the point
of winding damage or failure. This function can lead to five benefits:

» - Reduced Congestion Cost - Transmission congestion is a phenomenon that occurs in electric
power markets. It happens when scheduled market transactions (generation and load) result
in power flow over a transmission element that exceeds the available capacity for that
element. Since grid operators must ensure that physical overloads do not occur, they will
dispatch generation so as to prevent them. In some cases, a low cost generator may not be
dispatched, because doing so would overload a transmission line. In such cases, a more
expensive generator located on the “other side” of the limiting transmission line would be
dispatched. The difference in cost between the more expensive generator and the less
expensive generator is the congestion cost. The ability to increase the rating of a transmission
line dynamically in response to actual conditions could free up capacity and avoid
congestion.

» - Deferred Transmission Capacity Investments - Monitoring electrical and environmental
conditions for transmission elements in near-real time including lines and transformers could
enable utilities to defer upgrades. For example, ambient temperature and wind speed are
critical factors that affect the rated capability of a transmission line.

» - Deferred Distribution Capacity Investments - Monitoring electrical and environmental
conditions for distribution elements in near-real time including lines and transformers could
enable utilities to defer upgrades. For example, ambient temperature and wind speed are
critical factors that affect the rated capability of a distribution line.

» - Reduced Equipment Failures - Since equipment capability ratings are based on heating and
the ability of the equipment to reject heat, ambient temperature and wind speed are critical
factors in determining the physical impact of load on equipment such as transformers.
Limiting the rating on equipment in extreme temperature conditions can increase increasing
service life and reduce the probability of premature failure.

» - Reduced Wide-scale Blackouts - Dynamic capability ratings will give grid operators a better
picture of the condition of critical system components, including key transmission lines. For
example, during a very hot day it would be possible for the real rating of a transmission line
to be lower than the rating in the grid operations computer. Providing the grid operators with
the actual information could reduce the probability of overloading the line and causing a
critical fault that could trigger a blackouts.
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2.3.4 Power Flow Control

In AC power systems, the impedance of lines and transformers determines how power flows from
generators to load. As electricity follows “the path of least resistance”, it does not necessarily go where
engineers and grid operators would prefer. By increasing or decreasing the impedance of a line or
transformer (resistance and reactance), power flow can be changed.

Today, power flow control can be done with phase angle regulating transformers (PARs) or Flexible AC
Transmission System (FACTS) devices. However, these solutions are often expensive, and they are not
widely applied. New technologies such as superconducting cables hold promise due to their very low
impedance, and could be used in combination with other devices to regulate power flow over critical
areas of the system. This function provides five benefits:

»  Reduced Congestion Cost - Transmission congestion costs are incurred when more expensive
generation must be dispatched to avoid overloading a transmission line or interface. The
ability to control impedance and “steer” power around a constrained interface could avoid
congestion and its associated cost. As an example, assume a transmission line had a rating of
1,000 MW. Based on the scheduled dispatch at a particular time, the forecasted power flow
over the line based on scheduled energy transactions would be 1,100 MW. By utilizing a
controllable impedance element, the grid operator could draw power away from the limiting
line, preventing the overload, while still delivering the desired power.

»  Deferred Transmission Capacity Investments - load growth and generation additions can lead
to increased loading on lines and transformers, to the point where transmission capacity
investments become necessary. By managing power flow on critically loaded system elements
using power flow control. For example, it could be possible for a utility to delay adding
transmission capacity for one or more years without running the risk of an overload. Each
year that a capital investment can be deferred can yield a significant savings in the utility’s
revenue requirement (equal to the capital carrying charge of the upgrade). Therefore, power
flow control could yield direct savings based on the time that it could postpone a capacity
investment.

»  Reduced Electricity Losses — The ability to control power flows can enable engineers and grid
operators to optimize power flows to reduce system losses. This could be accomplished by
rerouting power to relieve critically loaded elements or to more evenly load multiple system
elements. Since losses grow exponentially with load, reducing peak losses or more evenly
loading the system can reduce losses overall while transmitting the same amount of power.

»  Reduced CO: Emissions - Reducing the impedance of the T&D system reduces energy losses,
and consequently, the generation required to serve load. Provided that the generation
reduced is fossil-based, polluting emissions are reduced.

»  Reduced SOx, NOx, and PM-2.5 Emissions - Reducing the impedance of the T&D system
reduces energy losses, and consequently, the generation required to serve load. Provided that
the generation reduced is fossil-based, polluting emissions are reduced.

2.3.5 Adaptive Protection

Detecting and clearing electrical faults (short circuits) is critically important for ensuring public safety,
preserving property, and minimizing damage to the electrical system itself. Faults are detected using
protective relays that monitor current and send signals to circuit breakers or switches when the current
exceeds set points. (Fuses are also used on distribution feeders, and sometimes as backup for circuit
breakers to protect equipment such as large transformers.) Electric power systems are protected by
complex systems of relays and switching devices whose settings and operation is carefully designed and
coordinated by engineers as part of initial system implementation. Protection schemes are designed to
provide reliable fault clearing under expected conditions, and are not changed.(Fuses are also used on
distribution feeders, and sometimes as backup for circuit breakers to protect equipment such as large
transformers.)

Adaptive protection means that relay settings and protection schemes can be changed in response to
changing conditions. For example, a distribution feeder might be designed with relays set to trip if the
current flowing from the substation exceeds a predetermined level. If generation was added to the
feeder, it might require that the existing relay settings be changed to provide optimum protection. Since
the feeder generation could come on or off, it might make protection highly complicated and expensive.
By allowing the protection settings to be changed, the utility can ensure that the feeder is adequately
protected, and that the generator can be integrated without prohibitive cost. Such a capability will also
prove useful for reconfiguring feeder connections during outage or load transfer operations. This benefit
can provide two benefits:

© 2010 Navigant Consulting, Inc. 15



NAVIGANT

CONSULTING

»  Reduced Sustained Outages - Modifying protection settings in response to changing
conditions could enable utilities to better isolate system faults, and reduce the scope and
duration of outages. Adaptive protection reduces the likelihood that there will be an outage,
and allows the system to be reconfigured on the fly to help in restoring service to as many
customers as possible.

»  Reduced Restoration Costs - Fewer outages result in lower restoration costs incurred by the
utility. These costs can include line crew labor/material/equipment, support services such as
logistics, call centers, media relations, and other professional staff time and material
associated with service restoration.

2.3.6 Automated Feeder and Line Switching

Utilities design distribution feeders with switches so that portions of the feeder can be disconnected to
isolate faults, or de-energized for maintenance.? In most cases, these switches are manually operated,
and require a service worker to travel to the switch location, coordinate switching orders with a
dispatcher, and then physically operate the switch. Automatic Feeder Switching makes it possible to
operate distribution switches autonomously in response to local events, or remotely in response to
operator commands or a central control system.

Automatic Feeder Switching does not prevent outages; it simply reduces the scope of outage impacts in
the longer term. This function is accomplished through the automatic isolation and reconfiguration of
faulted segments of distribution feeders via sensors, controls, switches, and communications systems.
Automatic Feeder Switching can reduce or eliminate the need for a human operator or field crew for
operating distribution switches. This saves time, reduces labor cost, and eliminates “truck rolls”. This
function can provide six benefits:

» - Reduced Transmission and Distribution Operations Cost - Automated or remote controlled
switching eliminates the need to send a line worker or crew to the switch location in order to
operate it. This reduces the cost associated with the field service worker(s) and service
vehicle.

» - Reduced Sustained Outages - Automated Feeder and Line Switching means that the faulted
portions of feeders and lines can be isolated by opening switches. By reconnecting some
customers quickly (within minutes), significant outage minutes can be saved. This only works
when a significant number of customers receive service upstream of the fault, with an
automated switch between them and the fault. This function presumes that the switching is
done within the scope of a single feeder. Automatic switching does not prevent the outage for
all customers; it simply reduces the scope of its impact in the longer term.

»  Reduced Restoration Cost - Being able to operate distribution switches without rolling trucks
means lower restoration costs.

»  Reduced CO:2 Emissions — Fewer truck rolls for switching means less fuel consumed by a
service vehicle or line truck and leads to reduced emissions.

»  Reduced SOx, NOx, and PM-2.5 Emissions — Fewer truck rolls for switching means less fuel
consumed by a service vehicle or line truck and leads to reduced emissions.

»  Reduced Oil Usage - Fewer truck rolls for switching means less fuel consumed by a service
vehicle or line truck and leads to reduced oil usage.

2.3.7 Automated Islanding and Reconnection

A microgrid is an integrated energy system consisting of interconnected loads and distributed energy
resources which, as an integrated system, can operate in parallel with the grid or as an island. This
disconnection and reconnection of the microgrid and the interconnected electric grid would be done
automatically as needed based on grid conditions. This function leads to two benefits:

» - Reduced Sustained Outages - Automated islanding and reconnection means portions of the
system that include distributed generation can be isolated from areas with excessive damage.
Customers within the island, or microgrid, will be served by the distributed generation until
the utility can restore service to the area. Only the customers in the island experience reduced
outage time from this improved reliability. While the outage may affect wide areas, and large
numbers of customers, the island will most likely be no larger than a single distribution
feeder (i.e., < 5,000 customers) or smaller.

3 This function presumes that the switching is done within the scope of a single feeder, and should not be confused
with Real-Time Load Transfer which assumes that the un-faulted portion of a feeder could be served from an

adjacent substation.
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»  Reduced Major Outages - Automated islanding and reconnection means portions of the
system that include distributed generation can be isolated from areas with excessive damage.
Customers within the island, or microgrid, will be served by the distributed generation until
the utility can restore service to the area. Only the customers in the island experience reduced
outage time from this improved reliability. While the outage may affect wide areas, and large
numbers of customers, the island will most likely be no larger than a single distribution
feeder (i.e., < 5,000 customers) or smaller.

» Reduced Restoration Cost- When an outage event occurs customers in the island, who would
have otherwise experience an outage, will not experience a service interruption. Therefore,
the restoration area that crews need to attend to will be reduced which will reduce the
number of crews needed to restore power and reduce costs.

2.3.8 Automated Voltage and VAR Control

Automated voltage and VAR control is performed through devices that can increase or lower voltage
and can be switched or adjusted to keep the voltage in a required range. Control systems could
determine when to operate these devices, and do so automatically. This function is the result of
coordinated operation of reactive power resources such as capacitor banks, voltage regulators,
transformer load-tap changers, and distributed generation (DG) with sensors, controls, and
communications systems. These devices could operate autonomously in response to local events or in
response to signals from a central control system. By better managing voltage and VAR resources, the
transmission and distribution network can be optimized for electrical efficiency (lower losses), and can
allow utilities to reduce load through “energy conservation voltage reduction” while maintaining
adequate service voltage. These load reductions will reduce the amount of generation required. This
function provides five benefits:

» - Reduced Ancillary Service Cost - Ancillary services are necessary to ensure the reliable and
efficient operation of the grid. As discussed above, ancillary services are provided by
generators, and voltage and VAR support. The level of ancillary services required at any
point in time is determined by the grid operator and/or energy market rules. To the extent
that reactive power resources can be better coordinated to reduce load and reactive power
requirements from generation, ancillary service costs for voltage and VAR support could be
reduced, decreasing the cost for market participants and utilities.

» - Reduced Transmission and Distribution Operations Cost - Automated voltage and VAR
control eliminates the need to send a line worker or crew to the location of reactive devices in
order to operate them. This reduces the cost associated with the field service worker(s) and
service vehicle. The impact of this benefit is determined by estimating the percentage of a
field crew's time is dedicated to capacitor switching, and then estimating the time saved by
the field service personnel.

» - Reduced Electricity Losses - Coordinating the settings of voltage control devices on the
transmission and distribution system ensures that customer voltages remain within service
tolerances, while minimizing the amount of reactive power provided. Optimizing voltage and
VAR in this way can reduce the amount of transmission and distribution losses associated
with delivering a given amount of energy.

» - Reduced CO: Emissions - Energy reductions achieved through improved efficiency and
energy conservation voltage reduction will reduce the amount of generation required to serve
load. Assuming that the generation is fossil-based, emissions will be reduced.

» - Reduced SOx, NOx, and PM-2.5 Emissions - Energy reductions achieved through improved
efficiency and energy conservation voltage reduction will reduce the amount of generation
required to serve load. Assuming that the generation is fossil-based, emissions will be
reduced.

2.3.9 Diagnosis and Notification of Equipment Condition

Some equipment such as transformers and circuit breakers are critical to providing electric service to
customers. Utilities test and maintain this equipment periodically in an effort to ensure that it operates
reliably over a long service life. Because of the large amount of equipment, and the labor intensity of
taking measurements and analyzing results, testing and maintenance can be very expensive, and may
fail to identify critical equipment conditions before they lead to failure.

This function is the on-line monitoring and analysis of equipment, its performance and operating
environment to detect abnormal conditions (e.g., high number of equipment operations, temperature, or
vibration). As a result, the function enables the equipment to automatically notify asset managers and
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operations to respond to a condition that increases a probability of equipment failure. This function
results in five benefits:

»

»

»

»

Reduced Equipment Failures - Monitoring equipment “continuously” and receiving reports
of its condition will help utilities identify potential trouble before it worsens and leads to
failure.

Reduced Transmissions and Distribution Equipment Maintenance Cost - The cost of sending
technicians into the field to check equipment condition is high. Moreover, to ensure that they
maintain equipment sufficiently, and identify failure precursors, some utilities may conduct
equipment testing and maintenance more often than is necessary. Online diagnosis and
reporting of equipment condition would reduce or eliminate the need to send people out to
check equipment.

Reduced Sustained Outages - Some equipment failures cause outages, and the time to restore
power can be significant depending on the difficulty of the replacement, and the time it takes
to obtain a replacement device. By utilizing on-line diagnosis and reporting of equipment
condition, utilities could identify equipment problems before they cause outages.

Reduced Restoration Costs - Outages caused by equipment failure will require restoration,
and the utility will incur costs as a result. In some cases, the utility may pay a premium for
the equipment and labor needed to restore service on short notice.

Reduced CO2 Emissions — Fewer truck rolls for equipment replacement and diagnosis means
less fuel consumed by a service vehicle or line truck and leads to reduced emissions.
Reduced SOx, NOx, and PM-2.5 Emissions — Fewer truck rolls for equipment replacement and
diagnosis means less fuel consumed by a service vehicle or line truck and leads to reduced
emissions.

Reduced Oil Usage - Fewer truck rolls for equipment replacement and diagnosis means less
fuel consumed by a service vehicle or line truck and leads to reduced oil consumption.

2.3.10 Enhanced Fault Protection

Typically, protective devices rely on high fault currents to cause them to operate. Some faults (like a line
lying on the ground) may not cause enough fault current to ensure that protective relays sense the fault

quickly. Another problem is that multiple relays may sense the same fault and operate to try and clear it.
Enhanced protection could detect faults that are hard to locate, and clear them without reclosing that can
damage equipment over time. Enhanced fault detection with higher precision and greater discrimination
of fault location and type with coordinated measurement among multiple devices could detect and
isolate faults without full-power re-closing, reducing the frequency of through-fault currents. Using high
resolution sensors and fault signatures, these systems could better detect high impedance faults. This
function provides five benefits:

»

» =

» =

Reduced Equipment Failures - Enhanced fault protection may detect faults more quickly, and
clear those without full-power reclosing that can subject equipment to repeated fault current.
This reduces the mechanical stress and damage, increasing equipment service life and
reducing the probability of premature failure. For example, a substation transformer might
feed three distribution feeders, each of which experienced a high number of faults. Over time,
the feeder faults and the reclosing used to isolate them would place a high degree of
mechanical stress on the transformer windings. This stress could lead to failure of the
transformer far sooner than its expected service life.

Reduced Sustained Outages - Some faults can be difficult to detect and isolate. For example, a
high impedance fault caused by a downed line lying on dry ground might not produce
enough fault current to trip the closest circuit breaker or fuse, but it may create a fault that
lasts long enough to cause an upstream circuit breaker to trip as a backup. (Relays are often
coordinated to have multiple “zones” of protection, and a single relay may be intended to
provide primary protection for one part of the system, and backup protection for another.
Sometimes relays far from a fault can “overreach” and trip before the relay closest to the fault
can clear it.) This would result in a larger than necessary number of customers experiencing
the outage. With enhanced fault protection, a higher portion of hard-to-detect faults would be
cleared by the closest device, and minimize the disruption to other customers.

Reduced Restoration Cost - By more quickly and precisely locating and clearing faults, field
service workers can spend less time searching for the cause of the fault. It is also possible that
by better isolating the fault, less damage occurs.

Reduced Momentary Outages - Many utilities use distribution feeder reclosers and
sectionalizing schemes to isolate faults and restore service to as many customers as possible.
Although many customers do not suffer the long term outage associated with the permanent
fault, they experience momentary interruptions as the reclosers follow the sectionalizing
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scheme. Enhanced fault protection could isolate faults more precisely without full-power
reclosing, and prevent momentary interruptions for many customers. (Momentary
interruptions are outages that last less than 5 minutes in duration, and are typically a few
seconds in length.)

Reduced Sags and Swells - High impedance faults can be caused by tree contact, broken
conductors lying on the ground, or other short circuits that do not cause fault currents high
enough to trip relays. Locating high impedance faults more quickly and precisely will reduce
the frequency and severity of the voltage fluctuations that they can cause. Moreover, fewer
customers on the same or adjacent distribution feeders would experience the voltage
fluctuation caused by the fault.

2.3.11 Real-Time Load Measurement and Management

Devices such as smart meters and appliance controllers can monitor the energy use of customer loads
over the course of the day. These same devices can be used to help customer respond to pricing signals
so that system load can be managed as a resource. Real-time measurement of customer consumption and
management of load through Advanced Metering Infrastructure (AMI) systems (smart meters, two-way
communications) and embedded appliance controllers help customers make informed energy use

decisions via real-time price signals, time-of-use (TOU) rates, and service options. This function can
provide ten benefits:

»

»

»

»

»

»

Reduced Ancillary Service Cost - The increased resolution of customer load data will improve
load models and help grid operators to better forecast energy supply requirements. Improved
forecasts, along with the ability to reduce customer demand effectively during critical
periods, could reduce reserve margin requirements.

Deferred Distribution Capacity Investment - Load growth and feeder reconfiguration can
lead to increased loading on lines and transformers, to the point where distribution capacity
investments become necessary. Smart meters and AMI will allow utilities to monitor
customer loads and voltage more closely, and provide a platform for sending pricing signals
that could influence consumption patterns. This could enable utilities to better anticipate and
monitor feeder loading, and operate the distribution system closer to its limits. For example, it
could be possible for a utility to delay building a new distribution feeder for one or more
years without running the risk of low voltage problems. Each year that a capital investment
can be deferred can yield a significant savings in the utility’s revenue requirement (equal to
the capital carrying charge of the upgrade). Therefore, Real-Time Load Measurement and
Control could yield direct savings based on the time that it could postpone a capital
investment.

Reduced Meter Reading Cost — The data from smart meters can be automatically uploaded to
a central meter data management system. This avoids the need to read meters manually,
reducing the cost of performing this function.

Reduced Electricity Theft - Smart meters can typically detect tampering. Moreover, a meter
data management system can analyze customer usage to identify patterns that could indicate
diversion.

Reduced Electricity Losses - Peak load tends to affect delivery losses more than average load,
and managing this peak could lead to improvements in electricity delivery efficiency. Being
able to manage customer demand will give the utility the capability of reducing peak load,
and thereby reduce delivery losses.

Reduced Sustained Outages - Today, most utilities rely on customer calls to identify power
outages, and customer service representatives to enter the outage information into a
computer system. Outage management systems have been designed to interpret this outage
information and estimate the location of the fault based on the information. AMI systems are
being developed to perform outage detection based on the status of smart meters. This should
improve the accuracy of outage notification, and reduce the time to restore service.

Reduced Major Outages - Major outages occur as a result of hurricanes, ice storms, or other
natural events that affect large geographical areas and tens of thousands of customers or
more. Restoring electric service following these events typically takes a few days or more
because of the massive damage that must be repaired on the distribution system. When utility
crews move through an area making repairs to the distribution system, there are times when
some customers fail to have their service restored because of unseen/overlooked damage. In
such cases, when service is restored in the area, the utility crews may have left the area before
the utility can receive a follow-up call from the customer saying that they are still without
service. This means that the customer will be without service until a crew has time to come
back to the area to fix the problem, and outage minutes will continue to increase. With AMI,
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»

»

»

»

utilities will be able to identify those customers who remain without power after the utility
believes that power should be restored. This should make it easier to get a crew back to the
location more quickly, and reduce the amount of time the customer is out.

Reduced Restoration Cost — AMI systems are being developed to perform outage detection
based on the status of smart meters. This should improve the accuracy of outage notification,
and reduce the time to restore service. Reduced restoration times translate into reduced
restoration costs because power can be restored with fewer restoration crew labor hours.
Reduced CO2 Emissions — Manual meter reading requires that a person drive from meter to
meter once each billing cycle. This produces CO: emissions from the vehicle. Eliminating the
vehicle miles traveled eliminates the associated emissions.

Reduced SOx, NOx, and PM-2.5 Emissions — Polluting emissions associated with vehicle
miles travelled are eliminated.

Reduced Oil Usage (not monetized) — Eliminating vehicle miles traveled with automatic
meter reading eliminates the associated fuel consumption.

2.3.12 Real-Time Load Transfer

In places that may have more than one distribution feeder in the area, circuits may be switched and
electrical feeds rerouted to make the distribution more efficient or more reliable. This function allows for
real-time feeder reconfiguration and optimization to relieve load on equipment, improve asset
utilization, improve distribution system efficiency, and enhance system reliability. This function
provides three benefits:

»

» =

» =

» =

» =

Deferred Distribution Capacity Investments - Load growth and feeder reconfiguration can
lead to increased loading on lines and transformers, to the point where distribution capacity
investments become necessary. Switching a portion of a distribution feeder A onto
distribution feeder B will relieve the load on feeder A. In cases where feeder A and feeder B
are connected to different substations, the load relief can have beneficial effects up to the
substation level. This load shifting could enable utilities to postpone feeder upgrades for one
or more years. Each year that a capital investment can be deferred can yield a significant
savings in the utility’s revenue requirement (equal to the capital carrying charge of the
upgrade). Therefore, Real-Time Load Transfer could yield direct savings based on the time
that it could postpone a capital investment.

Reduced Electricity Losses - Higher line loading tends to affect delivery losses more than
average load, and managing this peak could lead to improvements in electricity delivery
efficiency. By being able to balance load among substation transformers and distribution
feeders, the utility could reduce delivery losses.

Reduced Major Outages - Transferring portions of a distribution feeder from one substation
to another could enable a utility to store service to those customers more quickly than if they
had to wait until the normal feeder was fully restored. Performing this load shifting manually
would be impractical. However, by being able to do this remotely, a utility might be able to
justify the cost in the interest of restoring some customers more quickly.

Reduced CO: Emissions - Increased electricity delivery efficiency by managing peak line
loads will reduce the amount of generation required to serve load. Assuming that the
generation is fossil-based, emissions will be reduced.

Reduced SOx, NOx, and PM-10 Emissions - Increased electricity delivery efficiency by
managing peak line loads will reduce the amount of generation required to serve load.
Assuming that the generation is fossil-based, emissions will be reduced.

2.3.13 Customer Electricity Use Optimization

A key characteristic of the modern grid is that it motivates and includes the customer. ) This function
enables customers to observe their consumption patterns and modify them according to their explicit or

implicit objectives. These could include minimizing cost, maximizing reliability, or purchasing
renewable energy, among others. Four benefits are provided:

» -

Deferred Generation Capacity Investments - Utilities build generation, transmission and
distribution with capacity sufficient to serve the maximum amount of load that planning
forecasts indicate. The trouble is, this capacity is only required for very short periods each
year, when demand peaks. The smart grid can help reduce peak demand and flatten the load
curve by giving customers the information and incentives to better manage their electricity
usage. This should translate into lower infrastructure investments by utilities and cheaper
electricity for customers.
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Deferred Transmission Capacity Investments — See Deferred Generation Capacity
Investments above.

Deferred Distribution Capacity Investments — See Deferred Generation Capacity Investments
above.

Reduced Electricity Cost - The information provided by smart meters and in-home displays
may encourage customers to alter their usage patterns (demand response with price signals
or direct load control), or conserve energy generally because they can see how much it costs
and alter their behavior. Changes in usage can result in reductions in the total cost of
electricity.

Reduced Ancillary Service Cost - The ability to reduce customer demand effectively during
critical periods could reduce reserve margin requirements.

Reduced Congestion Cost — If customers have tools to manage their energy use, this could
lead to a more conservative use of electricity especially at peak times, so less electricity must
be passed through the T&D lines, which reduces congestion.

Reduced Electricity Losses - Higher line loading tends to affect delivery losses more than
average load, and managing this peak could lead to improvements in electricity delivery
efficiency. If the customer is aware of their electricity use and shifts it to off-peak times, the
losses may be reduced.

Reduced CO2 Emissions — Increased customer awareness of electricity use may lead to
conservation which, in turn would decrease the electricity generation required and the
associated emissions. Furthermore, customer pricing and incentives can be used to optimize
the load shape (especially at peak) leading increased system efficiency which will reduce the
amount of generation required to serve load. Assuming that the generation is fossil-based,
emissions will be reduced.

Reduced SOx, NOx, and PM-2.5 Emissions — Increased customer awareness of electricity use
may lead to conservation which, in turn would decrease the electricity generation required
and the associated emissions. Furthermore, customer pricing and incentives can be used to
optimize the load shape (especially at peak) leading increased system efficiency which will
reduce the amount of generation required to serve load. Assuming that the generation is
fossil-based, emissions will be reduced.

2.3.14 Distributed Generation

Distributed generation (DG) is located on the distribution system, either on primary distribution feeders
or behind the meter. DG supports economic, reliability, and environmental benefits depending on the
resource type as shown in Table 7.

Table 8. Distributed Generation Benefits

Biomass (solid) Yes Yes Maybe
Biomass (gaseous) Yes Yes Maybe
Diesel Yes Yes No
Geothermal Yes Yes Yes
Natural Gas Yes Yes No
PV No No Yes
Wind No No Yes

Economic Benefits

»

»

Optimized Generator Operation — The ability of distributed generation to respond to changes
in load could enable grid operators to run generators at their optimum operating zone.
Operating distributed generation in this way can have the effect of smoothing the load curve
that the generation fleet must meet. This benefit includes two components: (1) avoided
generator start-up costs and (2) improved performance due to improved heat rate efficiency
and load shaving.

Deferred Generation Capacity Investments — Utilities build generation, transmission and
distribution with capacity sufficient to serve the maximum amount of load that planning
forecasts indicate. DG can be used to reduce the amount of central station generation required
during peak times. This should translate into lower infrastructure investments by utilities and
cheaper electricity for customers.
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Reduced Ancillary Service Costs - The reserve margin is a required capacity above the peak
demand that must be available and is typically +15% of peak demand. If peak demand is
reduced, reserve margin would be reduced.

Reduced Congestion Costs - DG provides energy closer to the end use, so less electricity must
be passed through the congested transmission pathways, which reduces congestion.
Deferred Transmission Capacity Investments - Utilities build transmission with capacity
sufficient to serve the maximum amount of load that planning forecasts indicate. The trouble
is, this capacity is only required for very short periods each year, when demand peaks.
Providing generation capacity closer to the load reduces the power flow on transmission
lines, potentially avoiding or deferring capacity upgrades. This may be particularly effective
during peak load periods.

Deferred Distribution Capacity Investments - DG could be used to relieve load on overloaded
feeders, potentially extending the time before upgrades or additions are required.

Reduced Electricity Costs - DG could be used to reduce the cost of electricity during times
when the price of "grid power" exceeds the cost of producing the electricity with DG. A
consumer or the owner of an EER realizes savings on his electricity bill.

Reduced Electricity Losses — By managing peak feeder loads with DG, peak feeder losses,
which are higher than at non-peak times, would be reduced. Managing peak feeder loads
with DG is possible because generation would be located closer to the load reducing the
power flow through distribution circuits.

Reliability Benefits

» =

Reduced Sustained Outages - The benefit to consumers is based on the value of service (VOS).
Distributed generation could be used as a backup power supply for one or more customers
until normal electric service could be restored.

Environmental Benefits

» =

» =

Reduced CO2 Emissions - Renewable energy provides electricity without net CO2 emissions,
reducing the emissions produced by fossil-based electricity generators. Furthermore, if DG is
used to optimize net load shape to reduce electricity losses then the amount of generation
required to serve load will be reduced. Assuming that the generation is fossil-based,
emissions will be reduced as well.

Reduced SOx, NOx, and PM-2.5 Emissions - Renewable energy provides electricity without
net SOx, NOx, and PM-2.5 emissions produced by fossil-based electricity generators
providing energy and peak demand. Furthermore, if DG is used to optimize net load shape to
reduce electricity losses then the amount of generation required to serve load will be reduced.
Assuming that the generation is fossil-based, emissions will be reduced as well.

2.3.15 Stationary Electricity Storage

Electricity can be stored as chemical or mechanical energy and used later by consumers, utilities or grid
operators. In distributed applications, energy storage technologies most likely utilize inverter-based

electrical interfaces that can produce real and reactive power. Depending on the capacity and stored
energy of these devices, they can provide economic, reliability and environmental benefits. Stationary
Energy Storage supports thirteen benefits.

»

» =

» =

Optimized Generator Operation - The ability to respond to changes in load would enable grid
operators to dispatch a more efficient mix of generation that could be optimized to reduce
cost, including the cost associated with polluting emissions. Electricity storage can be used to
absorb generator output as electrical load decreases, allowing the generators to remain in
their optimum operating zone. The stored electricity could then be used later so that
dispatching additional, less efficient generation could be avoided. The storage can have the
effect of smoothing the load curve that the generation fleet must meet. This benefit includes
two components: (1) avoided generator start-up costs and (2) improved performance due to
improved heat rate efficiency and load shaving.

Deferred Generation Capacity Investments - Utilities build generation, transmission and
distribution with capacity sufficient to serve the maximum amount of load that planning
forecasts indicate. Electricity storage could be used to reduce the amount of central station
generation required during peak times. This should translate into lower infrastructure
investments by utilities and cheaper electricity for customers.

Reduced Ancillary Services Cost - Ancillary services including spinning reserve and
frequency regulation can be provided by energy storage resources. The reserve margin is a

© 2010 Navigant Consulting, Inc. 22



NAVIGANT

CONSULTING

»

»

»

»

»

»

»
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required capacity above the peak demand that must be available and is typically +15% of
peak demand. If peak demand is reduced, reserve margin would be reduced.

Reduced Congestion Cost - Distributed energy resources provide energy closer to the end
use, so less electricity must be passed through the congested transmission pathways, which
reduces congestion.

Deferred Transmission Capacity Investments - Utilities build transmission with capacity
sufficient to serve the maximum amount of load that planning forecasts indicate. The trouble
is, this capacity is only required for very short periods each year, when demand peaks.
Providing stored energy capacity closer to the load reduces the power flow on transmission
lines, potentially avoiding or deferring capacity upgrades. This may be particularly effective
during peak load periods.

Deferred Distribution Capacity Investments - Electricity storage can also be used to relieve
load on overloaded feeders, potentially extending the time before upgrades or additions are
required.

Reduced Electricity Losses - By managing peak feeder loads with electricity storage, peak
feeder losses, which are higher than at non-peak times, would be reduced.

Reduced Electricity Costs - Electricity storage can be used to reduce the cost of electricity,
particularly during times when the price of "grid power" is very high. A consumer or the
owner of an enabled DER realizes savings on his electricity bill.

Reduced Sustained Outages - Electricity storage can be used as a backup power supply for
one or more customers until normal electric service can be restored. However, the backup
would only be possible for a limited time (a few hours) depending on the amount of energy
stored.

Reduced Momentary Outages - When combined with the necessary control system, energy
storage could act like an uninterruptible power supply (UPS), supporting end use load
during a momentary outage.

Reduced Sags and Swells — The same UPS capability could be used to enable load to ride
through voltage sags and swells.

Reduced CO: Emissions - Electricity storage can reduce electricity peak demand and thereby
reduce feeder losses. This translates into a reduction in CO:z emissions if peak load is typically
produced by fossil-based electricity generators. However, since electricity storage has an
inherent inefficiency associated with it, electricity storage could increase overall CO2
emissions if fossil fuel generators are used for charging.

Reduced SOx, NOx, and PM-2.5 Emissions - Electricity storage can reduce electricity peak
demand and thereby reduce feeder losses. This translates into a reduction in emissions if peak
load is typically produced by fossil-based electricity generators. However, since electricity
storage has an inherent inefficiency associated with it, electricity storage could increase
overall emissions if fossil fuel generators are used for charging.

2.3.16 Plug-in Electric Vehicles

The batteries in plug-in electric vehicles (PEVs) can be seen as non-stationary energy storage devices. As
such, they are similar to stationary energy storage devices and support economic, reliability and
environmental benefits. By increasing vehicle fuel efficiency, they also support Reduced Oil Usage, an
Energy Security Benefit. The benefits supported by PEVs include:

»

» =

» =

Optimized Generator Operation - PEV electricity storage could be used to absorb generator
output as electrical load decreases, allowing the generators to remain in their optimum
operating zone. The stored electricity could then be used later so that dispatching additional,
less efficient generation could be avoided. The storage could have the effect of smoothing the
load curve that the generation fleet must meet. This benefit includes two components: (1)
avoided generator start-up costs, because PHEVs increase the load on the system, which
reduces generator cycling and (2) improved performance due to improved heat rate efficiency
and load shaving.

Deferred Generation Capacity Investments — Utilities build generation, transmission and
distribution with capacity sufficient to serve the maximum amount of load that planning
forecasts indicate. PEV electricity storage could be used to reduce the amount of central
station generation required during peak times. This should translate into lower infrastructure
investments by utilities and cheaper electricity for customers.

Reduced Ancillary Service Costs - PEV also helps to reduce the reserve margin requirement.
The reserve margin is a required capacity above the peak demand that must be available and
is typically +15% of peak demand. If peak demand is reduced, reserve margin would be
reduced.
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»  Reduced Congestion Costs - Distributed energy resources provide energy closer to the end
use, so less electricity must be passed through the congested transmission pathways, which
reduces congestion.

»  Deferred Transmission Capacity Investments - Utilities build transmission with capacity
sufficient to serve the maximum amount of load that planning forecasts indicate. The trouble
is, this capacity is only required for very short periods each year, when demand peaks.
Providing stored energy in PEVs, located closer to other loads, reduces the power flow on
transmission lines, potentially avoiding or deferring capacity upgrades. This may be
particularly effective during peak load periods.

»  Deferred Distribution Capacity Investments - Electricity storage in the PEV could also be used
to relieve load on overloaded feeders, potentially extending the time before upgrades or
additions are required.

»  Reduced Electricity Costs - The electricity storage in the PEV can be used to reduce the cost of
electricity, particularly during times when the price of "grid power" is very high. A consumer
or the owner of an enabled DER realizes savings on his electricity bill. The calculation is based
on on/off peak price differentials.

»  Reduced Sustained Outages - The PEV could be used as a form of electricity storage for
backup power supply for one customer until normal electric service could be restored.
However, the backup would only be possible for a limited time (a few hours) depending on
the amount of energy stored. The benefit to consumers is based on the value of service (VOS).
Reduced CO: Emissions - PEVs can reduce the amount of CO: produced per mile traveled,
provided that the carbon intensity of the electricity generation is lower than that of gasoline.
The electricity storage in PEVs could also reduce electricity peak demand. This translates into
a reduction in CO:z emissions produced by fossil-based electricity generators serving peak
demand.

»  Reduced SOx, NOx, and PM-2.5 Emissions - PEVs can reduce the amount of CO: produced
per mile traveled, provided that the carbon intensity of the electricity generation is lower than
that of gasoline. The electricity storage in PEVs could also reduce electricity peak demand.
This translates into a reduction in polluting emissions produced by fossil-based electricity
generators serving peak demand.

»  Reduced Oil Usage — PEVs increase the fuel efficiency of vehicles by capturing the kinetic
energy released during deceleration and releasing it for powering the vehicle. This fuel
efficiency gain translates into a reduction in oil consumption per mile traveled.

2.4 Benefit Calculations

All data that the SGCT uses to calculate benefits must be collected and entered into the tool by the user.
In order to calculate benefits the SGCT primarily utilizes two different types of data: project data and
baseline data. Project data reflect the actual state of the grid as the smart grid technology is
implemented. Baseline data are intended to reflect the state of the grid during the project period
assuming a “no build” scenario (i.e., if the project or equipment under analysis had not been
implemented)*. All benefit calculations rely on the calculated difference between project and baseline
data at a given point in time. Because all benefit calculations involve taking the difference between
project and baseline data, these benefit calculations really quantify the impacts of the smart grid
technology in improving the electricity system compared to a baseline scenario defined by the user. If
the baseline is defined as above (i.e. assuming a “no build” scenario) the tool calculates the absolute
benefit of the smart grid technology itself. Although it is most likely that a user will want to define the
baseline scenario as described above, there is nothing preventing the user from defining the baseline in a
different way thereby changing the meaning of the benefits calculated. For example, in the DOE analysis
the baseline will defined as the state of the grid had grant monies not been awarded; therefore, the
benefit being calculated will be the impact of the grant program rather than the absolute impact of the
smart grid technology. The main point to take from this discussion is that the SGCT is an extremely
flexible and dynamic tool; the user has the ability alter what the output will mean depending on how the
baseline dataset is defined. For detailed explanations of each individual benefit calculation methodology
the reader should refer to Appendix A: Cost and Benefit Analysis Methodology. For detailed explanation
of the baseline data concept the reader should refer to Appendix B.1 Detailed Explanation of the Baseline
Concept.

4 The DOE will also use the tool to determine the impact of the Smart Grid Investment Grant program; in these cases
the baseline values reflect the state of the grid during the project period assuming a “no grant” scenario (i.e. if a

government grant to complete a Smart Grid project had not been awarded).
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To calculate benefits, SGCT users must have access to at least one year of project data® and a five year
projection of baseline data for each required input. The inputs required are determined automatically by
the tool according to what benefits the project is expected to yieldé. Required inputs may be in the form
of raw data (such as hourly load data) or in analyzed form (such as line losses). For a detailed
explanation of each input the reader should refer to Appendix B.2 Detailed Explanation of SGCT Inputs.

Although at most five years of project data can be entered into the SGCT, the tool can calculate benefits
out to the year 2040.” This is accomplished primarily by escalating inputs with various escalation factors
such as inflation, energy price growth, load growth, and population growth. Some inputs are escalated
by assuming no growth or change beyond the last year of entered data. While the tool contains default
escalation factors, all factors can be reviewed and changed by the user at runtime. The version of the tool
that the DOE will use for its analysis contains an additional escalation methodology that allows benefits
to decline according to an s-curve model. This additional escalation methodology is required for the
DOE version of the tool because of how the DOE will define the baseline data. The publically available
version of the tool does not implement this extra methodology. However, in the interest of full
transparency this methodology is explained further in Appendix B.4 Detailed Explanation of S-Curve
Model for Benefits Decline. For a detailed summary of the escalation factors and how they are used the
reader should refer to Appendix B.3 Detailed Explanation of Input Escalation.

The final aspect of benefit calculations is the sensitivity analysis. A sensitivity analysis is an optional
benefit calculation step. In the sensitivity analysis the user sets a high and low range for each input
parameter. This is accomplished by setting high and low ranges to a percentage of the primary value
entered for any given parameter (e.g. high range may be set to 110% of the primary value and the low
range may be set to 95% of the primary value). The benefit calculations are then computed using the
high and low range of all inputs. By being able to control the sensitivity range for each input the user has
the ability to create very customized scenarios that explore uncertainty (i.e. uncertainty of environmental
regulation, uncertainty of market conditions, uncertainty of load growth, etc.).

2.5 Cost Calculations

The computational tool performs a net present value (NPV) analysis from the project start date out to
2040. Total project capital costs, along with depreciation and interest rates are entered into the tool and a
simple amortization of costs over a specified period is performed to determine a cost schedule. A
customized cost schedule can also be directly entered into the tool. The present value of the project cost
is subtracted from the present value of all the benefits calculated to determine a project’s NPV. Given the
number of variations in accounting approaches and tax structures, it is difficult to develop a detailed and
consistent cost modeling approach for all demonstrations and deployments. Therefore, the cost analysis
is limited to this simple approach. However, this simple approach allows project teams to compare a
high level approximation of the projects cost with the benefits that a project will yield. This high level
comparison provides a context for interpreting the overall benefits and value of a project. For a detailed
explanation of how costs are amortized and discounted over time the reader should refer to Appendix
A.2 Cost Calculations.

5 All SGCT inputs are consistent with the metrics that the DOE has requested from SGIG project teams. -

¢ The benefits the project is expected to yield is also determined by the tool based on user inputs. -

7 The user can choose to have the calculation of benefits end prior to this year but they cannot extend the analysis -
beyond this year. -
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3.0 SGCT Architecture and Design

3.1 SGCT Design Principles

The SGCT is designed to be flexible enough to enable the calculation of costs and benefits across a wide
range of projects. The tool is intended for users with a basic understanding of smart grid technologies
and terms. It is designed to be user-friendly and easy to understand. The assumptions and calculation
methodologies have been documented in Appendix A: Cost and Benefit Analysis Methodology and
Appendix B: SGCT Key Concepts, to ensure transparency to the SGCT users and the public. Because the
smart grid is expected to grow in size and complexity, the tool is designed to be scalable so that it can
evolve to meet the needs of the future. Therefore later versions of the tool may include analytical
framework updates to incorporate other smart grid systems, functions, or benefits.

3.2 SGCT Architecture

Figure 3 illustrates the overall architecture of the SGCT. Although the tool is contained in a single
Excel™ file, it has three distinct phases. Phase I is the Project Characterization Module (PCM), Phase Il is
the Data Input Module (DIM), and Phase III is the Computational Module (CM).

Figure 3. SGCT Architecture
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3.2.1 Project Characterization Module (PCM)

The first phase of the SGCT is the PCM,; its purpose is to identify the potential benefits that the smart
grid project could create based on user-selected smart grid assets, functions, and mechanisms. First, the
user identifies the assets and technologies that will be installed as a result of the project under analysis.
The PCM maps these assets to the functions they could potentially support. The user is then presented
with a sub-set of possible functions and is prompted to specify which functionalities will be pursued by
the project. Next, the user is prompted to specify how each functionality will be achieved by specifying
various mechanisms that will be realized for each function. A list of benefits that the project could
achieve is then presented to the user. Finally, the PCM displays the mapping of functions to benefits for
user verification before advancing to the next phase of the tool.

3.2.2 Data Input Module (DIM)

The second phase of the tool is the DIM; the purpose of the DIM is to identify and facilitate entry of
required inputs. The required inputs are determined by the benefits identified by the PCM. That is, out
of the dozens of inputs that are required to calculate all of the various smart grid benefits, the DIM
prompts the user to enter only those inputs that are relevant to the benefits that a specific project enables.
For each required parameter the user enters baseline data and annual project data for the years that the
project is implemented. While the model relies on project data as the primary source of inputs in some
cases, certain inputs have built in default values that a user can select if project specific information is not
readily available. These default values are based on published sources such as:

» EIA (Annual Energy Outlook 2009, Form 861, Form 411, etc.)
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»  Global Energy Decisions, Energy Velocity (FERC Form 714, etc.)
»  SNL (FERC Form 1, etc.)
»  Public filings, rate cases (PUC, FERC, ISO, etc.)]

At multiple points in the DIM, user inputs are checked for errors and completeness. If any errors or
omissions in data entry are committed, a message will notify the user and request the user to enter the
correct values. The DIM will not allow the user to proceed to the next phase of the tool until all required
data are entered correctly. Once all required data are entered into the DIM, these inputs are fed to the
Computational Module (CM). Summaries of the final input data are presented to the user and the CM
main interface is loaded.

3.2.3 Computational Module (CM)

The Computational Module is the calculation engine of the SGCT. The primary purpose of this module
is to use the inputs provided by the DIM to carry out calculations which will quantify the costs and
benefits of the smart grid project being analyzed. The CM calculates costs and benefits on a yearly basis
and presents summaries of these results to the user in tabular and graphical formats.

The CM uses escalation factors to project input values out to an end year of 2040. Depending on the
inputs, different techniques and escalation factors are used to create forecasts. In general, escalation
factors vary by region. Examples of escalation factors used in the CM include population growth, load
growth, inflation, and energy price forecasts. Some input forecasts are determined by assuming no
growth or change beyond the last year of entered data. All escalation factors can be reviewed and
changed by the user at run time. For a detailed explanation of the forecasting methods used for each
parameter in the SGCT please see Appendix B.3 Detailed Explanation of Input Escalation.

The main user interface of the CM includes a section where the user can design a sensitivity analysis by
setting low and high sensitivity values for the parameters involved in the analysis. In this way the user
can create custom scenarios which explore how benefits and costs of the SG project will be impacted by
the uncertainty of input parameters. The results of the sensitivity analysis are presented to the user in
tabular and graphical formats.
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4.0 SGCT User Guide

4.1 Getting Started

The Smart Grid Computational Tool is Microsoft Office compatible. It is performs best when used with
Excel™ 2007, but may also be used with Excel™ 2003. No additional programs or add-ins are required.
In order to begin download the Excel™ file named “US DOE Smart Grid Computational Tool Beta v1.0
PUBLIC VERSION.xIsm” to your computer and open the file.

Please ensure that your Excel™ settings allow for macros to run or the tool will not work properly.
Follow this link, Enable or disable macros in Office documents, to learn how to enable macros in
Excel™. Once the file is opened it is recommended that a new version be saved to your computer with a
different file name. Doing this each time a new analysis is to be performed will save time otherwise
spent downloading the SGCT file from smartgrid.gov.

The first and only tab that should be visible upon opening the SGCT is the “Start” tab. This tab is
pictured in Figure 4. The purpose of this tab is to provide a brief introduction to the SGCT; it explains the
purpose and output of the tool, and reviews the general architecture and methodology of the tool. This
page also includes contact information for submitting questions or comments on the tool. The most
prominent feature of this tab is the blue “Click here” button. Clicking this button will initiate a new
analysis by launching the PCM.
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Figure 4. The SGCT “Start” tab

1.5, Department of Energy Smart Grid Computational Tool {5GCT)
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4.2 Creating a New Analysis

4.2.1 Project Characterization Module (PCM)

The first PCM screen, depicted in Figure 5, provides a brief overview of the PCM phase of the SGCT.
Reading this screen will greatly enhance the user’s understanding of the PCM steps to follow and is

strongly recommended.
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Figure 5. PCM Introduction Screen
&
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The second PCM screen, depicted in Figure 6, collects general information about the smart grid project.
The four inputs that are collected in this initial screen are:

»

»

»

»

Organization Name — This parameter describe the name of the utility or organization that
will be implementing the smart grid project

Project Name — If the smart grid project has a unique name it can be entered here.

Project Start Year — This parameter describes the first year that the project has installed and is
operating smart grid infrastructure. This year will be the first year that cost and benefits are
calculated. Entries should be in 20XX format.

NERC Region - This parameter describes the North American Electric Reliability
Corporation (NERC) region of the U.S. where the smart grid project is going to be
implemented. This parameter is necessary to enable the SGCT to set the correct escalation
factors and provide the user with the correct optional default input data. The drop down list
should be used to select the correct NERC Region. If the project spans NERC regions or is not
associated with a NERC region, the most representative or closest NERC region should be
selected.

Table 9. NERC Regions

NERC Region NERC Region Name
Abbreviation
FRCC Florida Reliability Coordinating Council
MRO Midwest Reliability Organization
NPCC Northeast Power Coordinating Council
RFC ReliabilityFirst Corporation
SERC SERC Reliability Corporation
SPP Southwest Power Pool
TRE Texas Regional Entity
WECC Western Electricity Coordinating Council
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Figure 6. PCM Project Information Screen
x
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Once the project information has been entered into the PCM Project Information screen, click the “Next”
button in the bottom right corner of the screen to advance to the next screen.

At any point in the PCM an “Exit” button located at the bottom center of any screen can be clicked to exit
the PCM. Any information entered into the PCM will be erased if the PCM is exited in this way.

The next PCM screen, depicted in Figure 7, is used to specify the types of smart grid assets that will be
installed as part of the smart grid project under analysis. The assets are divided into five broad
categories in order to facilitate asset selection by the user. For a detailed explanation of each asset please
see Section 2.2 Relationships of Assets to Functions. In order to select an asset simply click the check box
next to the asset name to indicate that the asset next to the box will be installed as part of the smart grid
project. Once all of the appropriate assets have been selected, click the “Next” button to proceed to the
next screen.

Figure 7 — PCM Asset Selection Screen
x|

Please select al assets that will be installed as part of the smart grid project. The choices on this page may represent a group or category

of assets, If a particular asset that is being instaled does not appear explicitly in this list choose the asset group that is most closely related to the
aszet being instaled. The assets that are chosen on this page wil determine the subset of functions that you wil be able to choose from on the
following page.
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™ Phase angle Requlating Transfarmer Definition |
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Previous | Exit Mext |

The next input screen, depicted in Figure 8, is the PCM Function Selection Screen. In this screen the user
identifies the specific functionality that the smart grid project will support. The SGCT defines 16 unique
functions that a smart grid might enable. Each of these functionalities requires that certain assets be
installed and can lead to various benefits. Because each function requires that specific assets be installed
in order to be enabled, some of the functionalities in the list on the PCM Function Selection Screen are
grayed out and disabled if the associated assets were not selected on the previous screen.

The user must specify which functions, of those enabled on the screen, the project will support. This is
done by clicking the check box next to the appropriate function. The “Definition” buttons to the right of
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each function can be clicked to view definitions of all functions. This feature should be used to help a
user determine if the functionality will be enabled by the smart grid project. If the user feels that the
smart grid project will enable a function that is not enabled on the screen, the “Previous” button in the
lower left corner of the screen can be used to navigate back to the PCM Asset Selection Screen to ensure
that all of the assets to be installed were properly indicated. When all supported functions have been
selected, click the “Next” button to proceed to the next screen.

Figure 8. PCM Function Selection Screen
x

Please select all functions that you expect the smart grid project to enable, For a definition of a
function click the button to the right of the function. Certain functions may be disabled
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12 [ Realtime Load Transfer Definition
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The PCM Mechanism Selection Screen, depicted in

Figure 9, is where the user further specifies how the smart grid functions will be realized by indicating
which mechanisms will likely be achieved. In general, functions are very broad descriptions of how
smart grid will impact the electricity system; mechanisms describe the specific actions or results that will
be pursued by a project that has certain functionality. This screen allows a user to specify the
mechanisms that will be realized within a function, thereby allowing the user to further customize and
describe how they plan to utilize their smart grid. By specifying mechanisms the SGCT is able to more
accurately assess the benefits that could be achieved through the implementation of the smart grid
project.

The PCM Mechanism Selection Screen has a tabbed interface. Each tab in this screen corresponds to a
specific function and displays a list of possible mechanisms that is specific to that particular function.
Only tabs that represent functions that the smart grid project will support are accessible in this screen; all
other tabs are grayed out and cannot be navigated to. The function is displayed at the top of the tab and
the list of mechanisms appears as a vertical list with check boxes. In order to indicate that a mechanism
will be supported, click the checkbox next to the appropriate mechanism in the tab representing the
appropriate function.
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Figure 9 — PCM Mechanism Selection Screen
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It is important to note that the list of mechanisms that appears on each tab represents all of the possible
mechanisms that could be supported; however the entire list of mechanisms will not necessarily be
supported for a particular smart grid function. The user must apply careful discernment to select the

appropriate mechanisms for the project in question; this requires that the user think about how a function
will be realized.

As illustrated in Figure 10, once the supported mechanisms have been selected for a Function, click the
“Next Tab” button to navigate to the next enabled tab. A previous tab can be navigated to by clicking the
“Previous Tab” button. It is important that the user navigate all enabled tabs and select the appropriate
mechanisms before navigating to the next screen. In order to ensure that the user becomes aware of
additional tabs, the “Next” button (which will navigate to the next screen) does not appear until the
“Next Tab” button is clicked.

Figure 10 - PCM Mechanism Selection Screen Navigation
x|

Please select al applicable mechanisms for each function the project enables. The mechanisms further
specify which benefits a project wil yield. Be sure to navigate to al enabled tabs before proceeding to the
next page.
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When all of the applicable mechanisms have been selected, the user must click the “Next” button to
proceed to the next screen. Before displaying the next screen the SGCT must process the inputs the user
has entered, and this process will take about 20 seconds. This is described in a notification message
(pictured in Figure 11); simply click “OK” to proceed.

Figure 11 — ISMP Notification Message
x|

Flease be patient while the tool processes vour inputs, The process should take about 20 seconds,

After the PCM processes the inputs, the ISPM Benefits Screen depicted in Figure 12 will be displayed.
This screen shows the user the benefits their smart grid project should yield given the assets, functions,
and mechanisms they have selected. The benefits that the smart grid project should provide are listed in
black font, the benefits that the project is not expected to yield are grayed out. An explanation of each
benefit can be reviewed by clicking the “Explanation” button to the right of each benefit. In the next
phase of the SGCT the user will be prompted to enter only the inputs required quantify the benefits
listed in black. If the user is not satisfied with the benefits list on this screen the “Previous” buttons can
be used to navigate back through the various PCM screens in order to alter selections. Once satisfied
with the benefits listed on this screen, the user must click the “Proceed to Function-Benefit Chart” button
to proceed.

Figure 12 - PCM Benefits Screen
x

The benfits in black font below represent the benefits this project could vield, For further explanation of the benefit click
the button to the right of the benefit,

Cptirized Generator Operation Explanation Reduced Electricity Losses Explanation
Deferred Generation Capacity Investments Explanation Reduced Electricity Cost E:xplanation
Reduced sncillary Service Cost Explanation Redured Sustained Outages Explanation
Reduced Congestion Cast Explanation Reduced Major Outages Explanation
Deferred Tramsrmission Capacity Investments Explanation Reduced Restoration Cost Explanation
Deferred Distribution Capacity Investments Explanation Reduced Mormentary Outages Explanation
Reduced Equiprment Failures Explanation Reduced Sags and Swells Explanation
Reduced &L Equipment Maintenance Cost Explanation Reduced COZ Emissions Explanation
Reduced| T&D Operations Cost Explanation Reduced S50x, MNOx, and PM-10 Emissions Explaniation
Reduced Meter Reading Cast Explanation Reduced Ol Wsage (hot monetized) Explanation
Reduced Electricity Theft: Explanation Reduced Widescals Blackauts Explanation

Previous | Proceed ko Function-Benefit Chark I

After clicking the “Proceed to Function-Benefit Chart” button the user will be prompted to save the file.
It is recommended that the user save the file at this point since they have completed entering all of the
PCM inputs; if the user closes Excel™ they can resume their analysis from this point rather that starting
from scratch. After the save prompt an Excel™ tab called “Function-Benefit Chart”, which is depicted in
Figure 13, should be visible. This tab shows the user a Function-Benefit summary map that is specific to
the project under analysis. This map allows a user to see a visual summary of how the functions of the
project map to the benefits. This information is meant to give the user deeper insight into how benefits
and functions are linked. This tab also serves as a last visual check before moving into the second phase
of the SGCT; if the user does not agree that the chart accurately represents their project based on the
functions or benefits that are highlighted, they can click the button at the top of the tab that reads
“Function-Benefit Chart is INCORRECT”. This will return the user to the first screen of the PCM so they
can begin the process of reviewing all of their inputs. All of the previously entered data will still be
preserved in the PCM screens so the user can review their old inputs and not waste time having to re-
enter information that is correct.
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Figure 13 . The Function-Benefit Summary Map

Verify the Output of the PCM

Directions: Below is & chart that summarizes the output of the PCM. Along the top of the chart are listed all of the smart grid functions
that a project could enable, along the side are listed all of the benefits that a preject could yield. Based on your inputs in the PCM this
chart has been populated with the benefits that your project may yield along with the functions that will lead to the benefits. Therefore,
this chart should graphically summarize the objectives and expected benefits of your project. If the chart does adequately summarize
your project click the blue button on the left to proceed to the next phase of the toal. If the chart does not adequately summarize your
project click the button to the right to return to the IPSM entry screens and adjust your inputs accordingly.

Economic

Proceed to the Data Input Module (DIM)

R (R A A A NS -—L

Function-Benefit Chart is
INCORRECT
Return to Initial Project Characterization
Module (PCM)

Function-Benefit Chart is

CORRECT

Delivery

Fault Current Limiting
Real-time Load Transfer
Plug-in Electric Vehicles

Power Flow Control

Optimized Generator Operation

Deferred Generation Capacity
Improved Asset Utilization  |Investments

Reduced Ancillary Service Cost YES
Reducad Congestion Cost

Deferred Transmission Capacity
Investments

T&D Capital Savings Deferred Distribution Capacity
Investments

Reduced Equipment Failures

Reduced T&D Equipment Maintenance
Cost

Reduced TED Operations Cost
Reduced Meter Reading Cost

T&D O&M Savings

Theft Reduction Reduced Electricity Theft

Energy Efficiency Reduced Electricity Losses YES

Electricity Cost savings Reduced Electricity Cost

Reliability

Reduced Sustained Outages
Power Interruptions Reduced Major Outages
Reduced Cost

Reduced Momentary Qutages
Reduced Sags and Swells

Power Quality

Environmental

Reducad CO2 Emissions YES
Air Emissions Reduced SOx, NOx, and PM-10
Emissions

Security

Reduced Oil Usage (not monetized)

Reduced Widescale Blackouts

Energy Security

If the chart accurately represents the project under analysis, the user should click the button that reads
“Function-Benefit Chart is CORRECT”. This will hide the “Function-Benefits Chart” tab, ending the
PCM phase of the SGCT, and bring the user to the “MAIN” tab which is the first and primary tab of the
DIM phase.

4.2.2 Data Input Module (DIM)

The “MAIN” page is the home screen of the DIM. After each step in the DIM is completed the user will
return to the “"MAIN” page to continue on the next step. The “MAIN” page is depicted in Figure 14 and
contains the following features listed from top to bottom:

»

»

»

»

»

Go Back to the PCM Button — This button can be used to exit the DIM and return to the PCM.
Instructions — Provide a general explanation to users on how to progress through the DIM.
Tool Diagram: DIM phase — A graphical representation of where the user is in the SGCT.
Project Information Table — A summary table of the project information. If this information is
not correct the user should return to the PCM and correctly enter the required information.
DIM Step Buttons — Navigation buttons that take the user to the various steps of the DIM.
Clicking on a button will take the user to a data input page, to an input review page, or to the
next phase of the SGCT.
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Figure 14 —- “MAIN” tab of the DIM

Data Input Module (DIM) Main Page -

Go Back to the PCM

Instructions

Welcome to the Data Input Module (DIM) phase of the Smart Grid Computational Tool. The DIM will help you navigate
through the process of entering the required data. Its main purpose is to ensure that all the required data is entered in the
proper format so that the benefits can be analyzed successfully. The DIM uses the project benefits identified by the IPSM to
determine and present only a relevant subset of all possible tool inputs to the user. Once all required project data is entered
the DIM will send the data to the next phase of the tool for analysis and calculation.
Progress through the DIM by clicking on the blue buttons below. Each button corresponds to a step in the DIM. The first
three steps prompt the user to enter three different types of data: load curve and tariff data, benefit calculation input data,
and project cost data. The fourth step allows the user to review their inputs befare proceeding to the next module. The final
step exits the DIM and brings the user to the Computational Module which uses the inputs provided by this module to
calculate the benefits of the project.

|

Project benefits

l

Data Input Module (DIM) : Project
Facilitates data input input data
Project input data required to calculate project [ >
benefits.

Key
:> =User Input I:‘ =Input interface

———> =Data flow

Organization Name test
Project Name test
NERC Region 3. MRO
Project Start Year 2010

Step I: Enter Number of Customers and Electricity Tariff

bate Step IV: Review DIM Cost and Benefit Calculation Inputs

Step Il: Enter Benefit Calculation Input Data and Escalation Step V: Proceed to the Computational Module (CM)

Factors Module to complete Costs and Benefits Calculations

Step lll: Enter Project Cost Data

DIM Step 1

After confirming that the information in the Project Information Table is correct the user should click the
“Step 1” button. In this step the user enters electricity tariff data and customer population data into the
SGCT. This data entry is required regardless of which benefits were enabled by the PCM because it used
in many of the benefit calculations. Once the “Step I” button is clicked the “Population and Tariff Entry”
page will appear; this page contains two main data entry tables which are depicted in Figure 15. The two
tables are the Electricity Rates by Customer Class and the Number of Customers by Class tables, or Table
1 and 2 respectively. Table 1 is where the user can enter up to five different electricity tariffs (energy rate
and/or demand charge) for each of three customer classes (residential, commercial, and industrial). At
least one electricity rate must be entered for each of the customer classes. Table 2 is where the user can
enter the number of customers served within each customer sub-class. At least one value is required for
each customer class. In both of these tables data should reflect the values in the initial project year and
should only be entered into the blank, white cells; grey cells are populated automatically. In general if a
user is pasting data from another spreadsheet or source into the data entry tables of the tool the “Paste
Values” function should be used to avoid pasting formulas or changing the formatting of the cells. Once
tariff and customer population data have been properly entered click the “Submit Rate and Number of
Customers Served Data” button to submit the data to the DIM. If the data were input correctly a message
stating “Electricity tariff and customers served data have been successfully submitted” will be displayed.
Otherwise, a message explaining what required data are missing will be displayed.
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Figure 15 — Electricity Tariff Data and Customers Served Data Entry Tables

DIM Step | : Number of Customers, and Electricity Tariff Data

Directions: In the outlined section below the user should enter the appropriate electricity tariff and customer

population data. The user should refer to the detailed directions in the section below for instruction on how to
enter data. If pasting data from another source into these tables please use the "Paste Value" function to avoid
changing cell formatting or pasting formulas. Once all data has been entered click the button below to finish this
step and return to the DIM Main Page. After finishing this step a new page will become visible which contains all
of the data entered in this step, the user can view this page to review all data entered in this step.

Finish Electricity Tariff and Customer Data Entry and Return to Main Page.

In this section the user should enter electricity tariff rates and information about the number of customers served. For Table
1 at least one energy rate must be entered for each customer class and at least one demand charge must be entered for the
commercial and industrial customer class. If there is no demand charge for a certain customer class a zero should be entered
in the Avg Demand Charge column of Table 1. Similarly for Table 2 a number must be entered for at least one sub-class for
each customer class; if there are no customers served for a certain class a zero should be entered. Once the appropriate data
has been entered in Tables 1 and 2 click the "Submit Rate and Number of Customers Served Data" button below to submit
and store the entries.

Table 1: Electricity Rates by Customer Class in 2010
Avg Demand

Table 2: Number of Customeres Served by Class in 2010

Average Energy  Charge ($/kw-
Rate ($/kwh) month)

Customers Served

Residential Customer Class

Residential Rate Sub-Class 1
Residential Rate Sub-Class 2
Residential Rate Sub-Class 3
Residential Rate Sub-Class 4
Residential Rate Sub-Class 5
Average Residential Rate

Residential Customer Class

Residential Rate Sub-Class 1
Residential Rate Sub-Class 2
Residential Rate Sub-Class 3
Residential Rate Sub-Class 4
Residential Rate Sub-Class 5
All idential Classes

G ial Customer Class

Commercial Rate Sub-Class 1
Commercial Rate Sub-Class 2
Commercial Rate Sub-Class 3
Commercial Rate Sub-Class 4
Commercial Rate Sub-Class 5
Average Commercial Rate

Commercial Customer Class

Industrial Customer Class

Commercial Rate Sub-Class 1
Commercial Rate Sub-Class 2
Commercial Rate Sub-Class 3
Commercial Rate Sub-Class 4
Commercial Rate Sub-Class 5
All Commercial Classes

Industrial Customer Class

Industrial Sub-Class 1 Industrial Sub-Class 1
Industrial Sub-Class 2 Industrial Sub-Class 2
Industrial Sub-Class 3 Industrial Sub-Class 2
Industrial Sub-Class 4 Industrial Sub-Class 4
Industrial Sub-Class 5 Industrial Sub-Class 5
Average Industrial Rate All ial Classes
Average Retail Electricity Rate All Customer Classes

Submit Rate and Number of Customers Served Data

Once all electricity tariff and customer population data have been successfully submitted, click the large
“Finish” button at the top of the page to return to the “MAIN” page and begin Step II. Before bringing
the user back to the “MAIN” page the DIM will perform a final check to ensure all required data were
submitted successfully. If all required data have not been successfully entered the DIM will not bring the
user to the “MAIN” page and a message will appear indicating the missing data will be displayed. To
avoid errors later on in the SGCT the user should ensure all required data are submitted before
proceeding.

Upon completing Step I the “Population and Tariff Review” page will be visible to the user. This page
contains the tariff and customer population data submitted to the DIM. The user cannot alter any of the
data on this page but can review them for accuracy before proceeding to Step II.

DIM Step 11

To proceed to Step II of the DIM click the “Step II” button on the “MAIN" page. In this step the user
enters the baseline and project data required to calculate benefits of the particular smart grid project
under analysis. The user is asked to enter only data that will be used in benefit calculations relevant to
the project. Clicking the “Step II” button will take the user to the “Data Input Sheet” page which is
depicted in Figure 16 and Figure 17.

At the top of this page are the directions and three buttons that explain important concepts and features
of this DIM step. Two of these buttons will show the user an explanation of the optional inputs and
default data features. These features are explained in the user guide below. The third button will show
the user an explanation of the “Mirror” Inputs concept. Many of the SGCT inputs can be tracked in terms
of costs or activities avoided as a result of the project rather than being tracked in absolute terms. For
example instead of tracking Meter Operations Costs, it might be easier for a project to track or calculate
Avoided Meter Operations Costs as a result of AMI implementation. Similarly some of the inputs below
are framed as costs and activities avoided but could be tracked in absolute terms (e.g. Number of Truck
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Rolls instead of Truck Rolls Avoided). Inputs that are reframed in this way are termed "mirror” inputs.
Because the calculation methodology of this tool is concerned with the delta between project and
baseline data, a user can enter a mirror input for any input. However, if mirror inputs are used it is
important that 1) the baseline data are also reframed in the same way as the project data and 2) all
entries (both baseline and project) are entered as negative numbers.

The data input table depicted in Figure 16 and Figure 17 actually appears as one, continuous, large table
in the SGCT; however, it had to be split up to be displayed in this user guide. The input table contains
two main sections that are illustrated in the two figures that appear below. The first section, depicted in
Figure 16, contains all of the necessary explanatory information about the inputs. It also contains some
buttons that allow the user to enter optional inputs and leverage default values.

The first column in the data input table, the “Benefit” column, indicates the benefit(s) that the inputs to
the right will be used to calculate. The second column contains space for optional input buttons, located
in the “Optional Input On/Off Buttons” column, that automatically appear if alternative inputs are
available for a given benefit. These buttons, labeled “Use Optional Inputs”, give users the option to
provide data in an acceptable alternative form that may be more convenient than the standard form.
Alternative inputs are more detailed and granular in nature. If a button does not appear beside the
benefit, then only the standard inputs are acceptable. Upon clicking an optional input button, the data
entry rows for the standard inputs will be blacked out and disabled and alternative input rows will
appear. Any data that were entered into the standard input rows will be cleared after revealing the
alternative inputs in this way. Similarly, if the optional input button is clicked again, the optional input
rows disappear and the standard input rows are enabled; any data that were entered into the optional
input rows will be cleared after this action.
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Figure 16 — Data Input Sheet
DIM Step lI: Enter Benefit Calculation Input Data

Directlons; e the table below to enter the project data that will be used to caloelate benelits. All inpuls are grouped according to tha benafits they are used to calculate. For gach
input tha wser must @nter data for all baseling years and data for at least one project year before being able to submit entries and complete this step. Whan all data hafs been
enterad click the blue butten at the bottam of the table 10 submit and store the data entries. There are three lopics congcerming this fep that deserve ipﬂ'l=| attention: Gptional
Inpuats, Default Values, and “Mimmor” Inputs. Clck the buttons below to leam more about sach of these important toplc

“Orptional imputs

e |

Usa Default

Baenmefit £ fEel; Input Detcripliion Tppe of Input

Thee price paid for peak capacity [S/MW), which
reprasents the capital expenditures for conventonal AssumptionExtimate

|EENEratie.

e otk alnats Total anrual o5t ol anehliasy senseas, Ancillary services,
ineluding spinning reserve knd frequency regulation,

could be reduced if: generators could mors chasely fallow
lowd; peak load on 1he fyitem was reduced; pover factor,
woltage, and VAR control weere moraved; ar information
available to grid operators were improved.

U Cptional Inpots orige of Capatity at Anrual
Maak

Baferred Generation Capacity investments

Reduced Ancillary Service Cost Ancillary Services Cost Impact Metric Data NiA

Average apparént pawer readings for all feaders
impacted by the project. This input will be used to
cabiulate abactricity 1osies 10 feaders that hive been
e Pt L made more ¢ilicient or feeders that have had peak or e ik Bl
avirage loadings decreased should Be included. if
substations have been made mare efficienct the average
povear level of 1he substation{s) should be input.
infermation should be based an hourly loads,

Average losses for the portion of the distnibution system
Distriution Losees impacted by the project expressed a5 @ percentage of Impact Metric Data L

total loading. This can be moedalad or calcalated
Aedpted Electricity Losses ¥

average apparant povwer readings for al lines impacted
by the project. This information will be used to calculate
Transmission Line Load electricity losses 5o lines over which bosses coubd be Impact Metric Data MiA
reduced 45 & result of the project should be included,
infermation should be based an hourly loads,

Awerage losses for the portion of the transmission system
Transmisiion Losses impactad by the praject expreiies 35 a percentages of impact Metric Data MiA
total loading. This can be modeted or caloulated.

Average Price of Wholawsle  |Averige whaletsle markst price of eleciricity. This input

Assumption/Estimate
Enengy wiill be uted 1o monstize elecinicity loises. P
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Figure 17 — Data Input Sheet Data Entry Cells

Project
Baseline 2010 Baseline 2011 Baseline 2012 Baseline 2013 Baseline 2014 2010 2011 2012 2013 2014
S/Mw 95,700.00 | $ 95,700.00 | & 95,700.00 | S 95,700.00 95,700.00 | 95,700.00 | S 95,700.00 | 95,700.00 | S 95,700.00 | & 95,700.00
s 1ls 1|3 1|3 1 113 1
VA 100.00 100.00 100.00 100.00 100.00 90.00
% 3% 3% 3% 3% 3% 3%
MVA -
Additional
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The next three columns are the “Input Name” and “Input Description”, followed by the “Type of Input”
column. The entries in this column are either “Impact Metric Data” or “Assumption/Estimate”. An input
row labeled as “Impact Metric Data” indicates that the data in that row must be carefully estimated or
directly measured by the user because the values of those data are directly impacted by the functionality
of the smart grid project under analysis. It is important that the user take care in entering these data as
they directly impact the values of the benefits calculated. An input row labeled as
“Assumption/Estimate” indicates that the data in that row can be roughly assumed or estimated by the
user because the value of the data is not directly impacted by the smart grid project; examples of data of
this type include the average fuel efficiency of service vehicles and the value of COzemissions.

In some cases there are default values for “Assumption/Estimate” data that the user can leverage. All of
the default values contained in the SGCT can be reviewed by navigating to the “Default Summary”
page. In general default values vary by NERC region and year. If default values are available for a
particular input there will be a “Use Default” button in the input row in the column labeled “Default
Value”. Clicking this button will populate that input row with the default values. Please note that this
results in the population of five years of baseline and project data; if the project being analyzed has less
than five years of project data, extra default values should be deleted.

The data entry cells, depicted in Figure 17, are used to enter the values for each input. There are two
types of values that are required for any input: “Baseline” values and “Project” values. The baseline data
for these inputs should represent forecasted, calculated, or estimated data for a particular year under
some baseline scenario®. Project data should represent actual measured data for each year available. For
each input the user must enter data for every baseline year and at least one project year.

Once all required data are entered the user should click the large blue button at the bottom of the page to
submit the data and move on to the next step. Before bringing the user back to the next step the DIM will
perform a final check to ensure all required data were submitted successfully. If all required data haven’t
been successfully entered the DIM, a message explaining which data are required will be displayed. To
avoid errors the user should ensure all required data are entered before proceeding.

After successfully submitting the benefit calculation input data a page that allows the user to review and
set escalation factors will appear. This page is depicted in Figure 18. Escalation factors will be used to
project input data beyond the first five years of data entry®. There are four primary escalation factors the
SGCT uses: population growth, load growth, economic inflation, and energy price. The inputs that these
inflation factors impact can be viewed by clicking the buttons in the “Inputs Affected” column of the
escalation factor table. Each escalation factor has a default value that varies by NERC region. If the user
does not agree with the default escalation factor values, they can enter their own escalation factors in the
“Value” column of the table.

This page is also where the user enters the final year that benefits of the smart grids technology are
calculated. This parameter represents the final year that project will yield benefits; after this year all
benefits will decline to zero. This parameter could be defined by considerations such as the useful
lifetime of smart grid assets installed.

Once the user is finished reviewing or modifying the escalation factors and final year of benefits they
should click the “Return to DIM Main Page” button below the table. For more details about escalation
factors the user should refer to Appendix B.3 Detailed Explanation of Input Escalation.

8 Typically the baseline scenario most appropriate will be the “no build” scenario. See Section 2.4 Benefit
Calculations and Appendix B.1 Detailed Explanation of the Baseline Concept, for detailed explanations.

% See section 2.4 Benefit Calculations or section 3.2.3 Computational Module (CM) for further explanation.
© 2010 Navigant Consulting, Inc. 41



NAVIGANT

CONSULTING

Figure 18. Escalation Factor Table

Step II: Enter Benefit Calculation Input Data, Escalation Factors

Drections: The Smart Grid Computational Tool can caloulate costs and benefits of the smart grid project out to the year 2080, In order to complete this analysis
escaltion factors afe appled to the Inputs that have been entered. On this page the user can choose (o e defaull sscalation factors of they can enter thelr own
escalation factors In the *Value® column. If pasting data from another source into this table please use the “Paste Value® function to avold changing cell
formatting or pasting lormulas. To wirw a 51 of inpuls alfected by an escalation factor dick the blee buttons in the “inputs ANected” oodumn, Additsonally, the
user can enber @ date at which the benefits from the project will begin to decline. If no vahses are entered In the “Value® column the default values will be used,
Once the user is finished dick the button befow the chart (o returmn Lo the PDIM Main Page.

Escalation Factor Description Dhetauit Value

| This escalation factor represants the customer popuation | | I
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DIM Step 111

To proceed to Step III of the DIM click the “Step III” button on the “MAIN” page. In this step the user
enters the smart grid project cost data. These data are used to calculate the present value of annual
capital costs associated with the smart grid project. The cost input page is depicted in Figure 19. In the
top table the user should always enter values for “Discount Rate” and “Use Custom Cost Schedule”. The
discount rate will be used to determine the present value of future cash flows. The user has the option to
use a custom cost schedule or to use a simple cost schedule based on an amortization of total capital
costs over a specified period. Selecting “Yes” for the “Use Custom Cost Schedule” question will shade
out the rest of the top table because these inputs are not necessary if a custom cost schedule is being
used. The user should then enter the specific capital cost schedule in the bottom table and click the
Finish Cost Data Entry button when complete. Selecting “No” for the “Use Custom Cost Schedule”
question will shade out the custom cost schedule table and leave the rest of the top table open for
entering data. The rest of the questions in the top table set the initial and final year of spending and
determine the yearly amortized payment over that period. The amount of the yearly payment is
automatically calculated and displayed in the bottom cell of the table. For a detailed explanation of the
cost calculations used in the SGCT please refer to Appendix A.2 Cost Calculations. After all required
data have been entered into the table click the blue “Finish” button at the bottom of the page to submit
the data and return to the “MAIN” page.

Figure 19 — Cost Calculation Inputs

Step IIl: Enter Project Cost Data

Directions: In this page the user can enter project cost information. This information will be used to complete a simple net present
value cost benefit analysis. The user can enter total costs, initial and final spending years, and interest rate and the tool will amortize

the cost evenly over the spending period. Or the user can enter a customized cost schedule. When the cost information has been
entered click the blue button at the bottom to submit and store the entries.

Project Start Year

Discount Rate

Use Custom Cost Schedule
Initial Year of Project Spending

Final Year of Project Spending
Total Captital Cost of Project
Interest Rate

Yearly Amortized Payment

Additional
Years

‘Custom Cost Schedule

i

Year
Capital ($)
DIM Step IV

To proceed to Step IV of the DIM, click the “Step IV” button on the “MAIN” page, this will bring users to
the “Review Inputs” page, depicted in Figure 20. The purpose of this step is to allow the user to review
all of their data entries in a compact summary form before proceeding to the CM where the data will be
used to calculate results. There are two tables in this page: one table that summarizes the benefit
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calculation input (data entered in Step II) and one table that summarizes the project cost data (data
entered in Step III). These tables cannot be altered since they are strictly for review purposes. If the user

sees input data that they would like to change they should return to the “MAIN” page and go to the step

in the DIM that coincides with data they wish to change. Once satisfied with these inputs, the user
should click the “Finish” button at the top of the page to return to the “MAIN” page.

Finally the user should click the “Step V” button to exit the DIM and begin the CM. After this button is

clicked, the CM main page will appear and the DIM “MAIN” page will disappear. The data input review

pages will remain visible so the user can review their inputs at any time.

Figure 20 — DIM Output Summary Table
Step IV: Review DIM Cost and Benefit Calculation Inputs
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4.3 Saving and Updating an Existing Analysis

At this point all of the required inputs have been entered into the SGCT; as a result the file uniquely
represents the status of a particular project. It is strongly encouraged that the file be saved under a new,
descriptive name so that the same file can be returned to time after time in order to update input data.
Updating the analysis will simply require that the user return to the DIM “MAIN” page and work
through steps I-V to update inputs or input new data for the years in which data haven’t been
previously available. In order to return to the PCM and change the assets, functions, and benefits of the
project, the user should navigate back to the PCM by clicking the “Go Back to the PCM” button on the
DIM Main page and then clicking the “Function-Benefit Chart is Incorrect” button on the “Function-
Benefit Chart” page.

4.4 Running the Computational Module (CM)
The first part of the CM Main page, depicted in Figure 21, provides a brief introduction to the CM as

well as some instructions on how to use the CM and a summary graphic. In the upper right hand corner

is a button that allows the user to return to the DIM Main page.
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Figure 21. Part 1 of the CM Main Page

Computational Module (CM) Main Page

Instructions
Welcome to the Computational Module (CM) phase of the Smart Grid Computational Tool. The CM is the calculation engine of the tool, it

Ao Back to the DIM Main

Page

crunches the numbers and generates the output. The CM also allows the user to complete a sensitivity analysis if desired. Before
running the CM the user can review their inputs and the first five years of projected inputs using the tables below. If the user wishes to
change any inputs they can return to the PDIM by clicking the arrow to the right of this directions hox.

Running the CM with Reference Inputs - To run the CM with the inputs that were entered in the DIM phase, simply click the button in the
"Reference Case" section that says "Run CM with Reference Case Inputs”. The CM will take about 20 seconds to complete the analysis.
Once the analysis is complete the results can be viewed by clicking the "View Reference Case Results” button.

Running the a Sensitivity Analysis - Before running a sensitivity analysis the CM should be run with the reference case inputs by
following the directions above. To run a sensitivity analysis first change the High and Low sensitivity ranges of the desired inputs by
using the toggles that are to the right of every input. After all of the desired sensitivity ranges have been set click the button in the
"Sensitivity Analysis" section that says "Run CM with Sensitivity Case Inputs". The CM will take about a minute to complete the analysis.
Once the analysis is complete the results can be viewed by clicking the "View Sensitivity Results” button. All of the sensitivity ranges can
be reset to 100% by clicking the button above the toggle switches that says "Reset all values to 100%".

Project Computational
input dat Module(CM): Calculates Results
project costs and benefits;
allows for project
sensitivity analysis

Sensitivity ranges

Sensitivity Analysis Input
Interface (Optional):
Allows user to set the

sensitivity range for specific

variables.

Sensitivity
ranges

Key

[:':> =User Input l:l = Input interface
—> =Dataflow - = Calculation engine

The second part of the CM Main page is depicted in Figure 22 below. This part of the CM Main page
allows the user to run the cost benefit analysis with the inputs entered in the DIM, collectively referred
to as the Reference Case, or it allows for an analysis to be run with high and low sensitivity case inputs,
collectively referred to as the Sensitivity Case. In order to run the analysis with the Reference Case
inputs click the long blue button labeled “Run CM with Reference Case Inputs”. The CM will take about
30 seconds to process the inputs. After the analysis is complete results can be reviewed by clicking the
blue button labeled “View Reference Case Results”.

For an optional analysis the user can run the CM with Sensitivity Case inputs. Sensitivity Case inputs
allow the user to see how the benefits are impacted by variation in the input values. Before running the
CM with Sensitivity Case inputs the user must set the high and low sensitivity ranges of the inputs. A
complete list of all inputs is located just below the buttons used to run the CM. The “Low” and “High”
percentage toggles next to each input can be used to set a low and high range for each input
individually. After all of the desired sensitivity ranges have been set click the button in the "Sensitivity
Analysis" section that says "Run CM with Sensitivity Case Inputs". The CM will take about a minute to
complete the analysis. Once the analysis is complete the results can be viewed by clicking the "View
Sensitivity Results" button. All of the sensitivity ranges can be reset to 100% by clicking the button above
the toggle switches that says "Reset all values to 100%". The user should re-run all CM analyses after
making any changes to the PCM and/or DIM.
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Figure 22. Part 2 of the CM Main Page

Reference Case

View Reference Case

Run CM with Reference Case Inputs
Results

Sensitivity Analysis

Run CM with Sensitivity Case Inputs View Sensitivity Results

Resetall valuesto 100%

Select % using togzle
Input Name Reference
Number of Customers Residential Rate Sub-Class 1 & 100% 100% 100%
Number of Customers Residential Rate Sub-Class 2 # 100% 100% 100%
Number of Customers Residential Rate Sub-Class 3 # 100% 100% 100%
Number of Customers Residential Rate Sub-Class 4 g 100% 100% 100%
Number of Customers Residential Rate Sub-Class 5 # 100% 100% 100%
Number of Customers All Residential Classes # 100% 100% 100%
Number of Customers Commercial Rate Sub-Class 1 # 100% 100% 100%
Number of Customers Commercial Rate Sub-Class 2 # 100% 100% 100%
Number of Customers Commercial Rate Sub-Class 3 # 100% 100% 100%
Number of Customers Commercial Rate Sub-Class 4 i 100% 100% 100%
Number of Customers Commercial Rate Sub-Class 5 # 100% 100% 100%
Number of Customers All Commercial Classes # 100% 100% 100%
Number of Customers Industrial Sub-Class 1 # 100% 100% 100%
Number of Customers Industrial Sub-Class 2 # 100% 100% 100%
Number of Customers Industrial Sub-Class 3 # 100% 100% 100%
Number of Customers Industrial Sub-Class 4 # 100% 100% 100%
Number of Customers Industrial Sub-Class 5 # 100% 100% 100%
Number of Customers All Industrial Classes # 100% 100% 100%

A table of input values, depicted in Figure 23, is located to the right of the sensitivity toggles. This table
contains all of the Reference Case values of all inputs for the first 5 years of the project as well as the next
5 years of projected values. Projected values are calculated based on the escalation factors that were set
in Step II of the DIM.

Figure 23. Input Review

Reference Case Values (project) Projections --» —=
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

95,700 95,700 95,700 95,700 95,700 98,093 100,545 103,058 105,635 108,276

1 1 1 1 1 1 1 1 1 1

90 90 90 90 90 91 93 94 95 96

0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0

9,000 9,000 9,000 9,000 9,000 9,000 9,000 9,000 9,000 9,000

20 20 20 20 20 20 21 21 22 22

Additional
Inputs

4.4.1 Reviewing the SGCT Results

There are two general types of results that the user can review after running the SGCT: Reference Case
Results and Sensitivity Case Results. The Reference Case Results include summary tables of the yearly
benefits and costs, pie charts of the benefits, and a Net Present Value (NPV) analysis. Sensitivity Case
Results include bars charts, line charts, and tables that summarize the benefits given the different
sensitivity scenarios. Each type of result is presented in its own page; the different pages are
summarized below.

Reference Case Results
Below each of the results tabs that correspond to the Reference Case Results are explained.
Results Table — This page contains two tables that summarize the value of all the benefits and costs over

the entire analysis period. The top table contains the annual benefit and cost values and the bottom table
contains cumulative benefit and cost values. Benefits are organized by major benefit categories (i.e.
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Economic, Reliability, Environmental, and Security) and benefit sub-category (i.e. Theft Reduction,
Power Interruption, and Power Quality). All values are in nominal terms.

Result Charts — This page contains three pie charts and three tables that summarize the total cumulative
benefits over the entire analysis period. The first pie chart and accompanying table summarize benefits
by the major benefit category. The second pie chart and table summarize the Economic benefits by sub-
category. The third pie chart and table summarize the Reliability benefits by individual benefits. All
values are in nominal terms.

Net Present Value Analysis — This page contains a table and two charts that summarize the project’s
benefits and costs in present value terms. The table contains all of the annual and cumulative costs and
benefits in both nominal and present value terms. It also contains the annual and cumulative net present
value of the project (the difference between the present value of costs and benefits). The two graphs
below the tables show the present value of costs, benefits as well as the NPV. The top graph shows the
annual values while the bottom graph shows the cumulative values.

Sensitivity Case Results
Below each of the results tabs that correspond to the Sensitivity Case Results are explained.

Sensitivity Charts — The charts on this page are designed to show how the total benefit of the project can
vary given the range of values that major benefit categories, benefit sub-categories, and individual
benefits can have. Each chart has a red vertical line that denotes the total value of all project benefits in
the reference case. The blue bars that straddle the red line denote the range of values that the total
project benefit can have given the variability of the benefit category, sub-category, or individual benefit.
The graphs on the left side of the page show the sensitivity analysis for a single analysis year. The
analysis year can be changed by toggling the green drop down cell at the top of the page. The graphs on
the right show the sensitivity analysis for the cumulative benefit over the entire analysis period.

Sensitivity Graphs — This page contains four line graphs, a bar chart and four summary tables. The four
line graphs compare the total annual and cumulative gross benefits for the Low, Reference, and High
cases over the analysis period. The two line graphs on the left side are in nominal dollars and the two
graphs on the right are in present value dollars. The bar chart shows the cumulative benefits of the
project by major benefit category for the three cases. The four tables on the right side of the page
summarize the annual and cumulative benefits of the project for the three cases, two of the tables are in
nominal dollars and two of the tables are in present value dollars.

4.5 Conclusion

The SGCT identifies the functions and mechanisms to be demonstrated by a smart grid project and
analyzes the costs and benefits to help determine the project’s overall value. By using this tool to analyze
Smart Grid Investment Grant projects and aggregating the results the DOE will be able to consider
broader impacts of smart grid technologies for the Nation. The DOE will also be able to use this tool to
determine the incremental benefits of the SGIG program. These analyses will help the DOE understand
the impact of its investments on the growth and implementation of the smart grid, thereby helping the
DOE refine its strategy with respect to encouraging investment into future smart grid technologies.

Project teams can use the SGCT to determine and compare project costs and benefits, and to gain a
clearer understanding of the benefits of smart grid technology and systems in terms of monetary value.
Furthermore, project teams will be able to use the SGCT to analyze costs and benefits of smart grid
projects under different scenarios and assumptions. Finally, project teams and associated organizations
can leverage the insights provided by the SGCT to inform future smart grid investment.

The monetary value of the benefits calculated by the SGIG could be attributed to ratepayers, utilities,
society or a combination of these parties depending on the nature of the benefit. However, the SGCT
does not make this designation and instead aggregates all benefits regardless of who the likely
benefactor is. Therefore, it is the responsibility of the user to make these types of designations for the
various benefits that the SGCT calculates. The tool was not specifically designed to yield results that will
be used in regulatory hearings or other similar proceedings. Ultimately the results of the tool are
intended for educational purposes only, and are meant to provide insight that can be used in conjunction
with other analyses to more clearly understand the impact and benefits of a smart grid project.
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4.5.1 Disclaimer

The work presented in this SGCT and user guide represents Navigant’s best efforts and judgments based
on the best information available at the time that these materials were prepared. Navigant is not
responsible for the reader’s use of, or reliance upon, the report, nor any decisions based on the results of
the SGCT. Navigant does not make any representations, or warranties, expressed or implied. Users of
this tool are advised that they assume all liabilities incurred by them, or third parties, as a result of their
reliance on the tool, or the data, information, findings and opinions contained in the tool. This tool is not
meant to be used as a budgeting or planning tool and is for educational purposes only. It in no way is
meant to supplant discussion between planning engineers and vendors, professionals and experts.
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Appendix A: Cost and Benefit Analysis Methodology

A.1 Benefit Calculations

Table 10 presents the calculations and inputs required to monetize each of the benefits. The detailed
methodology for quantifying and monetizing each benefit is further described below. In most cases, the
benefit is determined by comparing the baseline value to the current value after implementing a smart
grid project.

DOE Sensitive — Do not photocopy or distribute without authorization
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Functions & Enabled Energy Resources

‘ Input Parameters

Table 10. Summary of Benefit Input Parameters and Calculations

Monetization Calculation

Optimized e Wide Area Monitoring, Visualization, & Control [ Annual Generation Cost ($) Standard Calculation:
Generator * Distributed Generation Optional Inputs Value ($) = [Annual Generation Cost ($)]s,.in. - [Annual Generation Cost ($)]pyjec
Operation e Stationary Electricity Storage o Average Hourly Generation Cost ($/MWh)
e Plug-in Electric Vehicles e Avoided Annual Generator Dispatch (MWh)
e Annual Energy Storage Efficiency (%) Optional Calculation:
e Annual PEV Efficiency (%) Value ($) = [Average Hourly Generation Cost ($/MWh) * Avoided Annual Generator Dispatch (MWh) * Average
Efficiency (%), - [Average Hourly Generation Cost ($/MWh) * Avoided Annual Generator Dispatch (MWh) *
Average Efficiency (%)];,.iine
Average Efficiency (%) = For projects that yield this benefit as a result of Wide Area Monitoring,
Visualization, and Control, the value will be 100%. For projects that just support Stationary Electricity
Storage or Plug-in Electric Vehicles this value will be equal to the Annual Efficiency of these technologies.
For projects that enable multiple functions that lead to this benefit an average of all efficiencies will be
used.
Deferred e Customer Electricity Use Optimization e Total Customer Peak Demand (MW) Standard Calculation:
Generation e Distributed Generation e Energy Storage Use at Annual Peak Time (MW) | Value ($) = [Price of Capacity at Annual Peak ($/MW) * Total Customer Peak Demand (MW) — Energy Storage Use
Capacity e Stationary Electricity Storage e Distributed Generation Use at Annual Peak Time | at Annual Peak Time (MW) — Distributed Generation Use at Annual Peak Time (MW) — PEV Use at Annual Peak
Investments e Plug-in Electric Vehicles (MW) — Impact Time (MW)]Bascline - [Price of Capacity at Annual Peak ($/MW) * Total Customer Peak Demand (MW) — Energy
e PEV Use at Annual Peak Time (MW) — Impact Storage Use at Annual Peak Time (MW) — Distributed Generation Use at Annual Peak Time (MW) — PEV Use at
e Price of Capacity at Annual Peak ($/MW), Annual Peak Time (MW)]project
Optional Inputs
e Capital Carrying Charge of New Generation Optional Calculation:
($/yr) Value ($)=[Capital Carrying Charge of New Generation ($) *(1-(1-Discount rate (%))"Time Deferred (V) project =
» Generation Investment Time Deferred (yrs) [Capital Carrying Charge of New Generation ($) *(1-(1-Discount rate (%))"Time Deferred (yrs))];,.uine
Reduced e Wide Area Monitoring Visualization and Control ¢ Ancillary Services Cost ($) Standard Calculation:
Ancillary e Automated Voltage and VAR Control Optional Inputs Value ($) = [Ancillary Services Cost ($)]p,in - [Ancillary Services Cost ($)]p,e
Service Cost : g?::;gﬂ:;gaeiel\f;?zfemem & Management : Ii‘g’seer:‘ie g:::h(;fs fse(sﬁ“;)s ($/MW) Optional Calculation:
«  Stationary Electricity Storage » Average Price of Frequency Regulation ($/MW) Value ($) = [Z (Price of Ancillary Service ($/MW) * Purchases (MW))],..ine - [Z (Price of Ancillary Service ($/MW)
e Plug-in Electric Vehicles e Frequency Regulation Purchases (MW) Purchases (MW))lprjec
e Customer Electricity Use Optimization e Average Price of Voltage Control ($/MVAR)
e Voltage Control Purchases (MVAR)
Reduced e Wide Area Monitoring, Visualization, & Control (¢ Congestion Cost ($) Standard Calculation:
Congestion Cost | * Dynamic Capability Rating Optional Inputs Value ($) = [Congestion Cost($)]s,seiine - [Congestion Cost($)]p,gjec
¢ Power Flow Control e Congestion (MW) onal Calculati
o Distributed Generation e Average Price of Congestion ($/MW) Optional Calcy ahm‘" . ) ) ) . ]
e Stationary Electricity Storage Value ($) = [Congestion (MW) * Average Price of Congestion ($/MW)];,ime - [Congestion (MW) * Average Price of
e Plug-in Electric Vehicles Congestion ($/MW)]p,qjeq
e Customer Electricity Use Optimization
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Benefit Functions & Enabled Energy Resources ‘ Input Parameters Monetization Calculation
Deferred ss}illt (Iiurrelr\l/}c Ll.r,:ut%ng Visualization. & Control i [(japlta(liCagrymg Charge of Transmission Value ($)= [Capital Carrying Charge of Transmission Upgrade ($) *(1-(1-Discount rate (%))"Time Deferred
Transmission 1ae 'rea on% 9r1ng, ) 1sualization, ontro pgra ? (_ ) . (Y15) Iproee - [Capital Carrying Charge of Transmission Upgrade ($) *(1-(1-Discount rate (%)) Time Deferred
Capacity Dynamic Capability Rating e Transmission Investment Time Deferred (yrs) )
Investments Power Flow Control (7)) gasetine
Customer Electricity Use Optimization Note: this should only be calculated once since all years of deferral are included
Distributed Generation
Stationary Electricity Storage
Plug-in Electric Vehicles
Deferred Eyl’ia;l?lc Cipa;)lll\zty Rating &M ; ¢ I(japltacliCa;/rymg Charge of Distribution Value ($)=[Capital Carrying Charge of Distribution Upgrade ($) *(1-(1-Discount rate (%))"Time Deferred
Distribution cal- ?me oad Vleasuremen anagemen Pgr'a e.( yr) . (Y15) Iproee - [Capital Carrying Charge of Distribution Upgrade ($) *(1-(1-Discount rate (%))"Time Deferred
Capacity Real-Time Load Transfer e Distribution Investment Time Deferred (yrs) )
Investments Customer Electricity Use Optimization (Y7 Igasetine
Distributed Generation Note: this should only be calculated once since all years of deferral are included
Stationary Electricity Storage
Plug-in Electric Vehicles
Reduced Fault Current Limiting e Capital Replacement of Failed Equipment ($) For Fault Current Limiting, Dynamic Capability Rating, & Enhanced Fault Protection:
Equipment Dynamic Capability Rating e Portion Caused by Fault Current or Overloaded | Value ($) = [Capital Replacement of Failed Equipment ($) * Portion Caused by Fault Current or Overloaded
Failures Diagnosis & Notification of Equipment Equipment (%) Equipment (%)];,..ine - [Capital Replacement of Failed Equipment ($) * Portion Caused by Fault Current or
Condition * Portion Caused by Lack of Condition Diagnosis | Overloaded Equipment (%0)Iproject
Enhanced Fault Protection (%)
For Diagnosis & Notification of Equipment Condition:
Value ($) = [Capital Replacement of Failed Equipment ($) * Portion Caused by Lack of Condition Diagnosis
(%)]gaeine - [Capital Replacement of Failed Equipment ($) * Portion Caused by Lack of Condition Diagnosis (%)]p,eq
Reduced Diagnosis & Notification of Equipment e Total Transmission Maintenance Cost ($) Value ($) = [Total Distribution Equipment Maintenance Cost ($) + Total Transmission Equipment Maintenance
Transmission & Condition e Total Distribution Maintenance Cost ($) Cost ($)]5,eeime —[ Total Distribution Equipment Maintenance Cost ($) + Total Transmission Equipment Maintenance
D1st'r1but10n COst ($)]proge
Equipment
Maintenance
Cost
Reduced Automated Feeder and Line Switching e Transmission Operations Cost ($) Standard Calculation:
Transmission& Automated Voltage and VAR Control e Distribution Operations Cost ($) Value ($) = [Distribution Operations Cost ($) + Transmission Operations Cost ($)],eiine - [Distribution Operations
Distribution

Operations Cost

Optional Inputs
e Distribution Feeder Switching Operations ($)

e Distribution Capacitor Switching Operations ($)
e Other Distribution Operations Cost ($)

Cost () + Transmission Operations Cost ($)]p,jec

Optional Calculation:
Value ($) = [Distribution Feeder Switching Operations ($) + Distribution Capacitor Switching Operations ($) +
Other Distribution Operations Cost ($) + Transmission Operations Cost ($)]p,suine - [= Distribution Feeder Switching

Operations ($) + Distribution Capacitor Switching Operations ($) + Other Distribution Operations Cost ($) +
Transmission Operations Cost ($)]p,gjec

Reduced Meter
Reading Cost

Real-Time Load Measurement & Management

® Meter Operations Cost ($)

Value ($) = [Meter Operations Cost ($)]s,siine - [Meter Operations Cost ($)]p,jec
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Benefit Functions & Enabled Energy Resources ‘ Input Parameters Monetization Calculation
Reduced e Real-Time Load Measurement & Management @ Number of Meter Tamper Detections — Value ($) = [Z{ Number of Meter Tamper Detections by class (#) * Average Annual Customer Electricity Usage by
Electricity Theft Residential class (kWh) * Average Percentage of Load not Measured by class (%) * Average Duration of Theft by class (% of
e Number of Meter Tamper Detections — year) * Average Retail Electricity Rate by class (3/kWh)}]5..ciine - [2{ Number of Meter Tamper Detections by class (#)
Commercial * Average Annual Customer Electricity Usage by class (kWh) * Average Percentage of Load not Measured by class
* Number of Meter Tamper Detections — Industrial | (%) * Average Duration of Theft by class (% of year) * Average Retail Electricity Rate by class ($/kWh)} o,y
° Ave'rage .Annual Cust(?mer Electr.icity Usage - Average Percentage of Load not Measured by class (%) = This is a DOE assumption that varies by class
Residential, Commercial, Industrial Average Duration of Theft by class (% of year) = This is a DOE assumption that varies by class
Average Retail Electricity Rate by class ($/kWh) = Weighted Average of electricity rate by customer class
Reduced * Power Flow Control ¢ D}str%but%on Feeder I;oad (MW) Value ($) = [(Distribution feeder load (MW) * Distribution losses (%) + Transmission line load (MW) * Transmission
Electricity * Automated Voltage and VAR Control ¢ DlStrlbu_tl(?n Lo§ses (%) losses (%)) * 8760 (hr/yr)* Average Price of Wholesale Energy ($/MWHh)];. i - [(Distribution feeder load (MW) *
Losses ¢ Real-Time Load Measurement & Management | Transmission Line Load (MW) o o S N o N . )
e  Real-Time Load Transfer o Transmission Losses (%) Distribution losses (%) + Transmission line load (MW) * Transmission losses (%)) * 8760 (hr/yr)* Average Price of
e Customer Electricity Use Optimization e Average Price of Wholesale Energy ($/MWh) Wholesale Energy ($/MWh)]p.jec
e Distributed Generation
e  Stationary Electricity Storage
Reduced * Cl'lst(')mer Electr1c1t¥ Use Optimization * Total Re51dent1a}1 Electn(?lt.y Cost ($) Value ($) = [Total Residential Electricity Cost ($) + Total Commercial Electricity Cost ($) + Total Industrial
Electricity Cost * DlSt_rlbUted Gene'r;.atlon * Total Commetr(nal Ele(.:t1'“1c1ty Cost ($) Electricity Cost ($)]5,.ine - [TOtal Residential Electricity Cost ($) + Total Commercial Electricity Cost ($) + Total
e Stationary Electricity Storage e Total Industrial Electricity Cost ($) ] o
e Plug-in Electric Vehicles Industrial Electricity Cost ($)]pgje
Reduced * Adaptive Protection . o * SAIDI (Syster.n) ) ) Standard Calculation:
Sustained * Automated Feeder' and Line Sw1tch1r‘1g * Value of S.erV1ce (VOS) (/kWh) - Residential, Value ($) = Z{ [SAIDI (System) * Total Customers Served within a class (#) * Average Hourly Load Not Served
Outages * Agtoma’.ced Islan'd'mg 'and RecorTnec’aon Commerdial, Industrial i During Outage per Customer by class (kW) * VOS by class ($/kWh)]g,.ime - [SAIDI (System) * Total Customers
e Diagnosis & Notification of Equipment e Average Hourly Load Not Served During o ]
Condition Outage per Customer by class (kW) Served within a class (#) * Average Hourly Load Not Served During Outage per Customer by class (kW) * VOS by
¢ Enhanced Fault Protection Optional Inputs class ($/kWh)lpjea}
¢ Real-Time Load Measurement & Management  |¢ SAIDI (Impacted Feeders or Lines) Optional Calculation:
e Distributed Generation o Total Customers Served by Impacted Feeders or | Value () = Z{ [SAIDI (Impacted Feeders or Lines) * Total Customers Served by Impacted Feeders or Lines (#) *
e Stationary Electricity Storage Lines (#) — Residential, Commercial Average Hourly Load Not Served During Outage per Customer by class (kW) * VOS by class ($/kWh)]p,ine -
e Plug-in Electric Vehicles [SAIDI (Impacted Feeders or Lines) * Total Customers Served by Impacted Feeders or Lines (#) * Average Hourly
Load Not Served During Outage per Customer by class (kW) * VOS by class ($/kWh)]p,je.}
Reduced Major * Widearea Momto?mg, Vlsuahzanon'&: Control o Outage Tl.me of Mapr Outage (hr) - Residential, Value ($) = Z{ [Outage Time of Major Outage by class(hr) * Average Hourly Load Not Served During Outage per
Outages * Automated Islanding and Reconnection Commercial, Industrial ) Customer by class (kW) * VOS by class ($/kWh)];,.ine - [Outage Time of Major Outage by class(hr) * Average
e Real-Time Load Measurement & Management  |o Average Hourly Load Not Served During .
e Real-Time Load Transfer Outage per Customer by class (kW) Hourly Load Not Served During Outage per Customer by class (kW) * VOS by class ($/kWh)], e}
e Value of Service (VOS) ($/kWh) — Residential,
Commercial, Industrial
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Input Parameters

Monetization Calculation

Benefit ’

Reduced
Restoration Cost

e Adaptive Protection

e Automated Feeder and Line Switching

e Automated Islanding and Reconnection

e Diagnosis & Notification of Equipment
Condition

e Enhanced Fault Protection

e Real-Time Load Measurement & Management

e Distribution Restoration Cost ($)

e Transmission Restoration Cost ($)
Optional Inputs

e Number of Outage Events (#)

e Restoration Cost per Event ($/event)

Standard Calculation:
Value ($) = [Distribution Restoration Cost ($) + Transmission Restoration Cost ($)];,cine - [Distribution Restoration

Cost ($) + Transmission Restoration Cost ($)]p,jec

Optional Calculation:

Value ($) = [Number of Outage Events (# of events) * Restoration Cost per Event ($/event)]s,..ime - [Number of

Outage Events (# of events) * Restoration Cost per Event ($/event)]p, .

e Enhanced Fault Protection

e MAIFI (System)

Standard Calculation:

e Value of Service (VOS) — Sags and Swells

($/event)

Reduced
Momentary e Stationary Electricity Storage U Va'lue of SelTVice (VOS) — Power Quality Value ($) = [Momentary Interruptions (# of interruptions) * VOS — Power Quality ($ per interruption)]p,.uine -
Outages ($/interruption) [Momentary Interruptions (# of interruptions) * VOS ($ per interruption)]p, .
Optional Inputs Momentary Interruptions (# of interruptions) = MAIFI (Index) * £{Total Customers Served by class (#)}
* MAIFI (Impacted Feeders) Optional Calculation:
* Total Customers Serve.d on .Impacted Fee'ders Value ($) = [Momentary Interruptions (# of interruptions) * VOS — Power Quality ($ per interruption)]p,.uine -
(momentary) (#) — Residential, Commercial, . . . . )
Industrial [Momentary Interruptions (# of interruptions) * VOS ($ per interruption)]p, .
Momentary Interruptions (# of interruptions) = MAIFI of Impacted Feeders (Index) * X{Total Customers
Served by class on the Impacted Feeders (#)}
Reduced Sags ° Enh.anced Fault 1.’1".otect10n * Number of High Impedance Faults Cleared (# of Value ($) = [Number of High Impedance Faults Cleared (# of events) * VOS — Sags and Swells ($/event)]p, e -
and Swells e Stationary Electricity Storage events)

[Number of High Impedance Faults Cleared (# of events) * VOS — Sags and Swells ($/event)]p, .ine
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Benefit Functions & Enabled Energy Resources ‘ Input Parameters Monetization Calculation
Reduced COs o Power Flow Control For Automated Feeder and Line Switching; Real Value ($) = Z{Net CO2 Emissions Avoided (tons)}* Value of CO2 ($/ton)
Emissions e Automated Feeder and Line Switching Time Measurement and Management; Diagnosis Net CO2 Emissions Avoided (tons) = [CO, Emissions (tons)],in. - [CO, Emissions (tons)] p e
¢ Automated Voltage and VAR Control & Notification of Equipment Condition Net CO2 Emissions Avoided (tons) = [CO2 Emissions Avoided(tons)]p,.. - [CO2 Emissions Avoided
e Diagnosis & Notification of Equipment e Truck Rolls (# of events) (tons) 1y
Condition o Average Miles Travelled per Truck Roll Bascline X Lo . . .
e Real-Time Load Measurement & Management (miles/event) For Automated Feeder and Line Switching; Real Time Measurement and Management; Diagnosis &
e Real-time Load Transfer o Average Fuel Efficiency for Truck Roll Vehicle Not1f1cat.101.1 of Lauipment Condition: . ) )
e Customer Electricity Use Optimization (gallons/mile) CO2 Emissions (tons) = Truck Rolls (# of events) * Average Miles Travelled per Truck Roll (miles/event) + Average
e Distributed Generation e CO, Emissions per Gallon of Fuel(tons/gallon) Fuel Efficiency for Truck Roll Vehicle (miles/gallon) * CO2 Emissions per Gallon of Fuel (tons/gallon)
2 1 1 .
e Stationary Electricity Storage Optional Inputs Optlona! C'alculatlon. . . .
. . . —RHonal inpuls CO2 Emissions (tons) = Z{Number of Operations Completed(# of events) * Average Miles Traveled per Operation
*  Plug-in Electric Vehicles e Number of Operations Completed (# of events) —

(miles/event) + Average Fuel Efficiency for Service Vehicle (miles/gallon)} * CO2 Emissions per Gallon of Fuel
(tons/gallon)

For PEV with Reduced Gasoline Consumption Mechanism:

CO2 Emissions Avoided (tons) = kWh of Electricity Consumed by PEVs (kWh) * Electricity to Fuel Conversion
i ] ; o Factor (gallons/kWh) * CO2 Emissions per Gallon of Fuel (tons/gallon)

Maintenance, Diagnosis and Notification, Meter For all other Functions (Including PEV with offset central generation):

Reading CO2 Emissions (tons) = Calculated and reported by the project directly.
e Average Fuel Efficiency for Service Vehicle

(miles/gallon) — Feeder Switching and
Maintenance, Diagnosis and Notification, Meter
Reading

For PEV with Reduced Gasoline Consumption

Mechanism

e kWh of Electricity Consumed by PEVs (kWh)

e Electricity to Fuel Conversion Factor
(gallons/kWh)

For all other Functions (Including PEV with

Offset Central Generation Mechanism)

e CO, Emissions (tons)

e Value of CO, ($/ton)

Feeder Switching and Maintenance, Diagnosis
and Notification, Meter Reading

e Average Miles Traveled per Operation
(miles/event) — Feeder Switching and
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Benefit Functions & Enabled Energy Resources ‘ Input Parameters Monetization Calculation
Reduced SOx, o Power Flow Control For Automated Feeder and Line Switching; Real Value ($) = Z{Net Emissions Avoided (tons)* Value of Emissions ($/ton)}
NOx, and PM- e Automated Feeder and Line Switching Time Measurement and Management; Diagnosis Net Emissions Avoided (tons) = [Emissions (tons)] . - [Emissions (tons)] p e
2.5 Emissions * Automated Voltage and VAR Control & Notification of Equipment Condition Net Emissions Avoided (tons) = [Emissions Avoided(tons)]p,.. - [Emissions Avoided (tons) ] g .iine
* Diagrfo'sis & Notification of Equipment * Truck ROHS' (# of events) For Automated Feeder and Line Switching; Real Time Measurement and Management; Diagnosis &
Condlt'lon U Av.erage Miles Travelled per Truck Roll Notification of Equipment Condition:
* Real—’ljlme Load Measurement & Management (miles/event) o ) Emissions (tons) = Truck Rolls (# of events) * Average Miles Travelled per Truck Roll (miles/event) + Average Fuel
* Real-time Load Transfer * Average Fuel Efficiency for Truck Roll Vehicle Efficiency for Truck Roll Vehicle (miles/gallon) * Emissions per Gallon of Fuel (tons/gallon)
o Cl'lstc')mer Electricity' Use Optimization (gall.or}s/mile) Optional Calculation:
* Dis t‘r1buted Gene'rz'atlon * Emissions per Gallon of Fuel(tons/gallon) =S5O | grjiscions (tons) = Z{Number of Operations Completed(# of events) * Average Miles Traveled per Operation
* Stationary Electricity Storage NO« (miles/event) + Average Fuel Efficiency for Service Vehicle (miles/gallon)} * Emissions per Gallon of Fuel
e  Plug-in Electric Vehicles Optional Inputs

(tons/gallon)

For PEV with Reduced Gasoline Consumption Mechanism:

Emissions Avoided (tons) = kWh of Electricity Consumed by PEVs (kWh) * Electricity to Fuel Conversion Factor
‘ ) (gallons/kWh) * Emissions per Gallon of Fuel (tons/gallon)

* Average Miles Traveled per Operation For all other Functions (Including PEV with offset central generation):

(miles/event) — Feeder Switching and Emissions (tons) = Calculated and reported by the project directly.
Maintenance, Diagnosis and Notification, Meter

Reading

o Average Fuel Efficiency for Service Vehicle
(miles/gallon) — Feeder Switching and
Maintenance, Diagnosis and Notification, Meter
Reading

For PEV with Reduced Gasoline Consumption

Mechanism

e kWh of Electricity Consumed by PEVs (kWh)

o Electricity to Fuel Conversion Factor
(gallons/kWh)

For all other Functions (Including PEV with

Offset Central Generation Mechanism)

e SOx Emissions (tons)

e NOx Emissions (tons)

e PM-2.5 Emissions (tons)

e Value of Emissions ($/ton) — SOx, NOx, PM-2.5

e Number of Operations Completed (# of events) —
Feeder Switching and Maintenance, Diagnosis
and Notification, Meter Reading
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Benefit ’ Functions & Enabled Energy Resources Input Parameters Monetization Calculation
Reduced Oil e Automated Feeder and Line Switching For PEVs (with reduced gasoline consumption Value (gallons of oil) = Net Avoided Fuel Use (gallons)* Fuel to Oil Conversion Factor (gallons oil/gallon fuel)
Usage ¢ Diagnosis & Notification of Equipment mechanism): Net Avoided Fuel Use (gallons) = [Fuel Use (gallons)];,q., - [Fuel Use (gallons)] p,ec
Condition * kWh of Electricity Consumed by PEVs (kWh) Net Avoided Fuel Use (gallons) = [Avoided Fuel Use (gallons)]y,. - [Avoided Fuel Use (gallons) ] ;,jine
e Real-Time Load Measurement & Management e Electricity to Fuel Conversion Factor
*  Plug-in Electric Vehicles (gallons/kWh) . For PEVs (with reduced gasoline consumption mechanism):
For all other Functions Avoided Fuel Use (gallons) = kWh of Electricity Consumed by PEVs (kWh) * Electricity to Fuel Conversion Factor
e Truck Rolls (# of events) (gallons/kWh)
o Average Miles Travelled per Truck Roll For all other Functions:
(miles/event) o ] Fuel Use (gallons) = Truck Rolls (# of events) * Average Miles Travelled per Truck Roll (miles/event) + Average
* Average F1:1e1 Efficiency for Truck Roll Vehicle Fuel Efficiency for Truck Roll Vehicle (miles/gallon)
(gfﬂlons/ mile) Optional Calculation:
Optional Inputs ] Fuel Use (gallons) = Z{Number of Operations Completed(# of events) * Average Miles Traveled per Operation
* Number of Operations Completed (# of events) - (miles/event) + Average Fuel Efficiency for Service Vehicle (miles/gallon)}
Feeder Switching and Maintenance, Diagnosis
and Notification, Meter Reading
e Average Miles Traveled per Operation
(miles/event) — Feeder Switching and
Maintenance, Diagnosis and Notification, Meter
Reading
e Average Fuel Efficiency for Service Vehicle
(miles/gallon) — Feeder Switching and
Maintenance, Diagnosis and Notification, Meter
Reading
Reduced Wide- *  Wide A'rea MonTt.ormg & Visualization ° Nu.mber of Wide-scale Ble}Ckouts (# of events) Value ($) = [Number of Wide-scale Blackouts (# of events) * Estimated Cost of each Wide-scale Blackout
scale Blackouts | ¢ Dynamic Capability Rating ¥ g/tel:;ite)d Cost of each Wide-scale Blackout ($/event)],, i - [Number of Wide-scale Blackouts (# of events) * Estimated Cost each Wide-scale Blackout
($/event)]l,mject
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A.1.1 Optimized Generator Operation

The Optimized Generator Operation benefit can be realized through one function and two EERs:
»  Wide Area Monitoring, Visualization, and Control
»  Distributed Generation
»  Stationary Electricity Storage
»  Plug-in Electric Vehicles

Better forecasting and monitoring of load and grid performance would enable grid operators to dispatch
a more efficient mix of generation that could be optimized to reduce cost. This benefit is composed of
two pieces: avoided generator start-up costs and improved performance due to improved heat rate
efficiency. The coordinated operation of energy storage or plug-in electric vehicle assets could also result
in completely avoiding central generation dispatch. In order to determine the value of the benefit, the
project would have to track the total Annual Generation Cost or the Avoided Annual Generator
Dispatch (MWh), along with the Average Hourly Generation Cost($/MWh). The standard calculation to
monetize the impact of this benefit utilizes the following formula:

Value ($) = [Annual Generation Cost ($))]5.cime - [Annual Generation Cost ($)]

Project
The optional calculation to monetize the impact of this benefit utilizes the following formula:

Value ($) = {[Average Hourly Generation Cost ($/MWh) * Avoided Annual Generator Dispatch
(MWh)[Basetine Average Hourly Generation Cost ($/MWh) * Avoided Annual Generator Dispatch
(MWHh)]project}* Average Efficiency(%)
Average Efficiency (%) = For projects that yield this benefit as a result of Wide Area
Monitoring, Visualization, and Control, the value will be 100%. For projects that just support
Stationary Electricity Storage or Plug-in Electric Vehicles this value will be equal to the Annual
Efficiency of these technologies. For projects that enable multiple functions which lead to this
benefit an average of all efficiencies will be used.

Optimized generator operation could be very difficult to track and monetize because of the relatively
small size of the project and the necessary coordination with the grid operator. The contribution to the
optimized generator operation benefit will likely have to be estimated, rather than calculated. In this
case, the value could be based on the reduction in marginal generation that could be realized if
generators could follow load more closely or if electricity storage or PEVs could provide ancillary
services so that conventional generators could operate at a more optimal level.

A.1.2 Deferred Generation Capacity Investments

The Deferred Generation Capacity Investments benefit can be realized through one function and three
EERs:

»  Customer Electricity Use Optimization

»  Distributed Generation

»  Stationary Electricity Storage

»  Plug-in Electric Vehicles
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The impact of this benefit is determined by the capacity of the EER (MW) and/or the amount of load
reduction from customer optimization (MW) and the price paid for capacity ($/MW), which represents
the capital expenditures for conventional generation. The project would report when the EER was
utilized during peak times. The Total Customer Peak Demand should already include any impacts from
energy efficiency, demand response programs, or any other programs and technology that results in
customer electricity use optimization. The monetary impact of this benefit is calculated using the
following formula:

Value ($) = [Price of Capacity at Annual Peak ($/MW) * Total Customer Peak Demand (MW) — Energy
Storage Use at Annual Peak Time (MW) — Distributed Generation Use at Annual Peak Time (MW) — PEV
Use at Annual Peak Time (MW)]gaseiire - [Price of Capacity at Annual Peak ($/MW) * Total Customer Peak
Demand (MW) — Energy Storage Use at Annual Peak Time (MW) — Distributed Generation Use at
Annual Peak Time (MW) — PEV Use at Annual Peak Time (MW)]project

This assumes the price of the marginal unit at peak and that generation deferral is based on reducing
peak demand. If the project EER is not available during the peak time, no benefit is derived from those
assets. Alternatively, the benefit could be monetized based on the value of deferring a central generating
plant.

Value ($) = [NPV of Generation Investment Deferral($)]

($) ]baseline

NPV of Generation Investment Deferral ($) = Capital Carrying Charge of New Generation (3)
*[1-(1-discount rate (%))"Time Deferred (yrs)]

orojec- NPV of Generation Investment Deferral

A.1.3 Reduced Ancillary Service Cost

The Reduced Ancillary Service Cost benefit can be realized through seven functions and EERs:
»  Wide Area Monitoring and Visualization
»  Automated Voltage and VAR Control
»  Real-Time Load Measurement & Management
»  Customer Electricity Use Optimization
»  Distributed Generation
»  Stationary Electricity Storage
»  Plug-in Electric Vehicles

These smart grid functions and EERs could enable grid operators to procure ancillary services from
sources other than conventional generators at a reduced cost, or to reduce the amount required to
operate without sacrificing reliability. The standard calculation simply tracks total annual ancillary
service cost:

Value ($) = [Ancillary Service Cost ($)]saseine - [Ancillary Service Cost ($)]project
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Using an Optional Calculation the project would track the value derived from reducing the cost of three
types of ancillary services: reserves, frequency regulation, and voltage control.

Value ($) = [Z (Price of Ancillary Service ($/MW) * Purchases (MW))]g,.ine - [Z (Price of Ancillary Service
($/MW) * Purchases (MW))]

Project

This benefit will be hard for a project to track because ancillary services vary significantly from year to
year and are market based so it may be impossible to establish a baseline. It would also require
coordination with the grid operators.

A.1.4 Reduced Congestion Cost

The Reduced Congestion Cost benefit can be realized through four functions and three EERs:
» Wide Area Monitoring, Visualization, and Control
»  Dynamic Capability Rating
»  Power Flow Control
»  Customer Electricity Use Optimization
»  Distributed Generation
»  Stationary Electricity Storage
»  Plug-in Electric Vehicles

For the Standard Calculation the project would track Annual Congestion Costs. The monetary impact of
this benefit is calculated using the following formula:

Value ($) = [Congestion Cost($)] - [Congestion Cost($)]pyject

Baseline

For the Optional Calculation the project would report the hourly congestion relief provided by the
function or EER along with the cost of congestion during the hours of operation as shown in Table 11. To
monetize this benefit the relief (MW) is multiplied by the typical congestion price. For example, assume
a transmission line had a normal summer rating of 1,000 MW based on typical summer day air
temperatures and wind speed. On a cooler than normal day, with breezy conditions, the rating of the
line might be increased during a critical mid-day peak to 1,100 MW, potentially relieving congestion.
The project could report that the dynamic rating relieved 100 MW of congestion for two hours.
Therefore, the amount of congestion in the project scenario is zero and the congestion relief represents
the baseline amount of congestion that would have taken place had dynamic ratings not been
implemented in the baseline build-out of the grid. To monetize this benefit the congestion relief is
multiplied by the average or typical congestion price according to the following formula:

Value ($) = [Congestion (MW) * Price of Congestion ($/MW)]saseine - [Congestion (MW) * Price of
Congestion (3/MW)]project
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Table 11. Means of Congestion Relief

Function Means of Congestion Relief

Dynamic Capability Rating Increase in rating of congested system element
Power Flow Control Avoidance of overloading congested system element
Customer Electricity Use Reduction in loading on congested system element
Optimization

Distributed Generation Reduction in loading on congested system element
Stationary Electricity Storage | Reduction in loading on congested system element
Plug-in Electric Vehicles Reduction in loading on congested system element

A.1.5 Deferred Transmission Capacity Investment

The Deferred Transmission Capacity Investments benefit can be realized through five functions and
three EERs:

»  Fault Current Limiting

»  Wide Area Monitoring, Visualization, and, Control

»  Dynamic Capability Rating

»  Power Flow Control

»  Customer Electricity Use and Optimization

»  Distributed Generation

»  Stationary Electricity Storage

»  Plug-in Electric Vehicles

For Fault Current Limiting, a project could report the deferred cost of replacing or upgrading circuit
breakers or other transmission and distribution equipment.

For Wide Area Monitoring, Visualization, and Control, a project could report the increase in
transmission capability that resulted from better operating information. This increased capability could
be related to a deferred upgrade.

For Dynamic Capability Rating, the project could track the dynamic hourly ratings of system elements
and compare these to standard (fixed) ratings. In cases where the dynamic rating exceeded the standard
rating, the project could multiply the additional capacity by the typical carrying charge and the time for
which the upgrade could be deferred.

For Power Flow Control, the project would track the amount of power that power flow control diverted
to another system element (e.g., 100 MW diverted to anther transmission line), and the estimated cost of
the project that the additional capacity deferred ($/MW).

The use of customer optimization or EERs (DG, ES, and PEV) could decrease the loading on transmission
system elements and postpone the need for capital upgrades. The project would report the capacity
(MW) of EERs used during peak times, which would lead to deferral of equipment or line upgrades.
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Value ($) = [NPV of Transmission Investment Deferral (3$)] NPV of Transmission Investment
Deferral ($)],.iine

NPV of Transmission Investment Deferral ($) = Capital Carrying Charge of Transmission
Upgrade ($) *(1-(1-Discount rate (%))"Time Deferred (yrs))

project- [

For each these benefits, the deferred cost could be accumulated over time. For example, a project could
be deferred for one year, and then the following year it could be deferred again, depending on loading
and the dynamic rating.

A.1.6 Deferred Distribution Capacity Investment

The Deferred Distribution Capacity Investment benefit can be realized through four functions and three
EERs:

¢ Dynamic Capability Rating

¢ Real-Time Load Measurement and Management

e Real-Time Load Transfer

e Customer Electricity Use and Optimization

¢ Distributed Generation

e Stationary Electricity Storage

e Plug-in Electric Vehicles

For Dynamic Capability Rating, the project could report the dynamic hourly ratings of system elements
and compare these to standard (fixed) ratings. In cases where the dynamic rating exceeded the standard
rating, the project could multiply the additional capacity by the typical carrying charge and the time for
which the upgrade could be deferred.

Real-Time Load Transfer and the use of EERs (DG, ES, and PEV) could decrease the loading on
distribution system elements and postpone the need for capital upgrades.

For Real-Time Load Measurement and Management, the project would report the capital upgrade
schedule for infrastructure associated with the project. Based on better monitoring, they could identify
projects that can be deferred as a result of being able to operate closer to the feeder limit.

The use of customer optimization or EERs (DG, ES, and PEV) could decrease the loading on distribution
system elements and postpone the need for capital upgrades. The project would report the capacity
(MW) of EERs used during peak times, which would lead to deferral of equipment upgrades.

Value ($) = [NPV of Distribution Investment Deferral ($)]

($) ]baseline

NPV of Transmission Investment Deferral ($) = Capital Carrying Charge of Distribution
Upgrade ($) *(1-(1-Discount rate (%))"Time Deferred (yrs))

[NPV of Distribution Investment Deferral

project_
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A.1.7 Reduced Equipment Failures

The Reduced Equipment Failures benefit can be realized through four functions:
»  Fault Current Limiting
»  Dynamic Capability Rating
»  Diagnosis and Notification of Equipment Condition
»  Enhanced Fault Protection

For Fault Current Limiting, Dynamic Capability Rating, and Enhanced Fault Protection, projects would
report the capital expenditures related to equipment failure within the project scope, and apply an
estimate of the impact of fault current or overloading. The following formula will be used to calculate
the monetary value of this benefit:

Value ($) = [Capital Replacement of Failed Equipment ($) * Portion Caused by Fault Current or
Overloaded Equipment (%)] - [Capital Replacement of Failed Equipment ($) * Portion Caused by

Baseline

Fault Current or Overloaded Equipment (%)]5, e

For Diagnosis and Notification of Equipment Condition, the cost of the equipment that did not have to
be replaced must be estimated. This could be done either by the project, or by the DOE. The estimate
could be based on a utility’s annual capital budget for equipment replacement, and the utility’s estimate
of how much of that capital budget is spent on replacing equipment that could have been prevented
with timely diagnosis and maintenance. A portion of that cost could be allocated to the project on a pro
rata basis. The value is calculated with the following formula:

Value ($) = [Capital Replacement of Failed Equipment ($) * Portion Caused by Lack of Condition
Diagnosis (%) Capital Replacement of Failed Equipment ($) * Portion Caused by Lack of

]Baseline - [
Condition Diagnosis (%)]

Project

A.1.8 Reduced Transmission and Distribution Equipment Maintenance Cost

The Reduced Transmission and Distribution Equipment Maintenance Cost benefit can be realized
through one function:
»  Diagnosis and Notification of Equipment Condition

To calculate this benefit, the project would track the cost of transmission and distribution equipment
maintenance before and after the project. The monetary impact of this benefit is calculated using the
following formula:

Value ($) = [Total Distribution Equipment Maintenance Cost ($) + Total Transmission Equipment
Maintenance Cost ($) —[ Total Distribution Equipment Maintenance Cost ($) + Total Transmission

] Baseline

Equipment Maintenance Cost ($)]

Project
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A.1.9 Reduced Transmission and Distribution Operations Cost

The Reduced Transmission and Distribution Operations Cost benefit can be realized through two
functions:

»  Automated Feeder and Line Switching

»  Automated Voltage and VAR Control

The project would track the cost associated with transmission and distribution operations after
implementation of the smart grid project compared to the operations cost prior to implementing the
project.

The standard calculation to monetize the impact of this benefit utilizes the following formula:

Value ($) = [Distribution Operations Cost ($) + Transmission Operations Cost ($)] Distribution

Baseline ~ [

Operations Cost ($) + Transmission Operations Cost ($)]p,gject

An optional calculation which breaks out cost of the feeder, line, and capacitor switching operations can
also be used to monetize the impact of this benefit.

Value ($) = [Distribution Feeder Switching Operations ($) + Distribution Capacitor Switching Operations
($) + Other Distribution Operations Cost ($) + Transmission Operations Cost ($)] - [= Distribution

Baseline
Feeder Switching Operations ($) + Distribution Capacitor Switching Operations ($) + Other Distribution
Operations Cost ($) + Transmission Operations Cost ($)]p,gjec

These costs can be tracked through an activity based costing system or Work Management System
(WMS). If it is not possible for the project to track and report the necessary information, the impact of
this benefit can be determined by estimating the percentage of a field crew's time is dedicated to
switching, and then estimating the time saved by the field service personnel compared to before
implementing the smart grid project.

A.1.10 Reduced Meter Reading Cost

The Reduced Meter Reading Cost benefit can be realized through one function:
»  Real-Time Load Measurement & Management

The project would report the total annual meter operations costs. The baseline meter operations cost can
be calculated by tracking the number of meters to be read remotely and multiplying this number by the

average cost to manually read a meter.

Value ($) = [Meter Operations Cost ($)],siin. - [Meter Operations Cost ($)]p,gjeq

Alternatively, the project could directly report the metering reading costs that were eliminated.
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A.1.11 Reduced Electricity Theft

The Reduced Electricity Theft benefit can be realized through one function:
»  Real-Time Load Measurement & Management

The project would report the number of electricity theft events detected. The monetary impact of this
benefit is calculated using the following formula:

Value ($) = [Z{ Number of Meter Tamper Detections by class (#) * Average Annual Customer Electricity
Usage by class (kWh) * Average Percentage of Load not Measured by class (%) * Average Duration of
Theft by class (% of year) * Average Retail Electricity Rate by class ($/kWh)} - [Z{ Number of Meter
Tamper Detections by class (#) * Average Annual Customer Electricity Usage by class (kWh) * Average

Percentage of Load not Measured by class (%) * Average Duration of Theft by class (% of year) * Average
Retail Electricity Rate by class ($/kWh)}

] Baseline

]Project

The Average Duration of Theft parameter captures the idea that the electricity theft may not take place
for all hours of the year. The Average Percentage of Load not Measured parameter captures the idea that
a customer may only be stealing a portion of the electricity that they are using. Both of these parameters
are estimated by the DOE.

Projects will be responsible for reporting incidents of theft detected by AMI. Smart meters will log
hourly usage and this hourly usage data can be used to compile typical hourly usage curves for
customer classes or sub-classes. However, the probability of identifying electricity theft within a pilot
project could be low. Projects will also be responsible for estimating what the average annual customer
electricity usage is for each customer class.

A.1.12 Reduced Electricity Losses

The Reduced Electricity Losses benefit can be realized through three functions and two EERs:
»  Power Flow Control
»  Automated Voltage and VAR control
»  Real-Time Load Measurement & Management
»  Real-Time Load Transfer
»  Customer Electricity Use Optimization
»  Distributed Generation
»  Stationary Electricity Storage

The best approach for determining loss reductions for a project is to make coincident measurements on
the portion of the delivery system incurring the losses. For example, if a project were seeking to
demonstrate a loss reduction on a distribution feeder, the hourly load and voltage data from smart
meters, as well as hourly load and voltage data from the head end of the feeder at the substation could
be measured, and the data used to calculate the losses. The impact of this benefit is calculated with the
following formula:
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Value ($) = [(Distribution feeder load (MW) * Distribution losses (%) + Transmission line load (MW) *
Transmission losses (%)) * 8760 (hr/yr)* Average Price of Wholesale Energy ($/MWh)]

[(Distribution feeder load (MW) * Distribution losses (%) + Transmission line load (MW) * Transmission
losses (%)) * 8760 (hr/yr)* Average Price of Wholesale Energy ($/MWh)]

Baseline ~

Project

The feeder and line load inputs of the above equation represent the average load, and the losses inputs
represent the average losses as a percentage of the average load.

Several functions can contribute to reducing losses, and projects demonstrating more than one of these
functions at one time will see compounded effects.

A.1.13 Reduced Electricity Cost

The Reduced Electricity Cost benefit can be realized through one function and three EERs:
e Customer Electricity Use Optimization
¢ Distributed Generation

Stationary Electricity Storage
Plug-in Electric Vehicles

The project would record and report total customer electricity costs and the impact of this benefit will be
monetized using the following formula:

Value ($) = [Total Residential Electricity Cost ($) + Total Commercial Electricity Cost ($) + Total
Industrial Electricity Cost ($)]5.seime - [TOtal Residential Electricity Cost ($) + Total Commercial Electricity

Cost ($) + Total Industrial Electricity Cost ($)]

Project

This benefit can gauge if the smart grid technologies are successful in enabling reductions in customer
electricity consumption and demand.

A.1.14 Reduced Sustained Outages

The Reduced Sustained Outages benefit can be realized through six functions and three EERs:
»  Adaptive Protection
»  Automated Feeder and Line Switching
»  Automated Islanding and Reconnection
»  Diagnosis & Notification of Equipment Condition
»  Enhanced Fault Protection
»  Real-Time Load Measurement and Management
»  Distributed Generation
»  Stationary Electricity Storage
»  Plug-in Electric Vehicles

Accurate values of SAIDI could be calculated using smart meter data or outage management systems.
This reliability index would then be used to determine the total hours of outages customers experienced.
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The user is responsible for estimating the average hourly load not served during an outage for each
customer class. By applying a value of service (VOS) metric (i.e., by customer class), the value of the
energy not served can be estimated as follows:

Value ($) = Z{ [SAIDI (System) * Total Customers Served within a class (#) * Average Hourly Load Not
Served During Outage per Customer by class (kW) * VOS by class ($/kWh)] - [SAIDI (System) *

Total Customers Served within a class (#) * Average Hourly Load Not Served During Outage per
Customer by class (kW) * VOS by class ($/kWh)]

Baseline

Project}

Depending on the sophistication of the AMI and outage management system, or on the scope of the
smart grid application that will lead to reliability improvements, SAIDI could be calculated and reported
for a subset of feeders or lines rather than for the entire system. This would allow the impact of the smart
grid technology to be determined more precisely. The total number of customers served by that subset of
feeders or lines would be reported as well and the load not served would be calculated as before. These
inputs can be used to monetize the impact of this benefit with the following formula:

Value ($) = X{ [SAIDI (Impacted Feeders or Lines) * Total Customers Served by Impacted Feeders or
Lines (#) * Average Hourly Load Not Served During Outage per Customer by class (kW) * VOS by class
(3/kWh)];,seime - [SAIDI (Impacted Feeders or Lines) * Total Customers Served by Impacted Feeders or

Lines (#) * Average Hourly Load Not Served During Outage per Customer by class (kW) * VOS by class
($/kWh)]Pr0ject}

A.1.15 Reduced Major Outages

The Reduced Major Outages benefit can be realized through four functions:
»  Wide Area Monitoring, Visualization, and Control
»  Automated Islanding and Reconnection
»  Real-Time Load Measurement and Management
»  Real-Time Load Transfer

As with Reduced Sustained Outages, to calculate the Reduced Major Outages benefit smart meters
would log outage times and this would be multiplied by a VOS metric. The user is responsible for
providing an estimate of the average load not served per customer class.

Value ($) = X{ [Outage Time of Major Outage by class(hr) * Average Hourly Load Not Served During
Outage per Customer by class (kW) * VOS by class ($/kWh)] - [Outage Time of Major Outage by

class(hr) * Average Hourly Load Not Served During Outage per Customer by class (kW) * VOS by class
($/kWh)]Project}

Baseline

Major outage events are distinguished from sustained outage events in that major outage events are
unplanned events that are not included in reliability index calculations.
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A.1.16 Reduced Restoration Cost

The Reduced Restoration Cost benefit can be realized through four functions:
»  Adaptive Protection
»  Automated Feeder and Line Switching
»  Automated Islanding and Reconnection
»  Diagnosis & Notification of Equipment Condition
»  Enhanced Fault Protection
»  Real-Time Load Measurement & Management

The project could report and track the number of outages and the reduction in restoration costs achieved
by being able to restore service more quickly. Over the course of the project, the utility would track
outages and the result would be compared against the baseline. Two equations can be used to monetize
this benefit. In the standard equation distribution and transmission restoration costs are tracked and
input directly.

Value ($) = [Distribution Restoration Cost ($) + Transmission Restoration Cost ($)] - [Distribution

Baseline

Restoration Cost ($) + Transmission Restoration Cost ($)]pject

In the optional calculation the number of outages and an estimate of the restoration costs per event are
tracked and input to an equation. This equation allows for the impact of a smart grid project on
restoration costs to be calculated more precisely since individual events and the costs of those events
could be tracked and input separately.

Value ($) = [Number of Outage Events (# of events) * Restoration Cost per Event ($/event)]s,uiine -

[Number of Outage Events (# of events) * Restoration Cost per Event ($/event)]

Project

A.1.17 Reduced Momentary Outages

The Reduced Momentary Outages benefit can be realized through one function and one EER:
»  Enhanced Fault Protection
»  Stationary Electricity Storage

The value of this benefit is based on the VOS metrics which are typically determined by customer class
(residential, commercial, industrial) and may vary geographically. The VOS metric for this benefit is
specifically related to power quality and momentary outages. The SGCT contains default VOS values
that can be used, but VOS values that are specific to an operating territory can also be used and are
recommended. Customer momentary interruptions could be logged by smart meters or outage
management systems. The metric for momentary interruptions would most likely be the Momentary
Average Interruption Frequency Index (MAIFI) for the project. The MAIFI index could be tracked for the
entire service territory or it could be tracked only for the part of the service territory in which smart grid
technology is expected to have an impact on momentary outages. The standard calculation utilizes the
system MAIFI while the optional calculation utilizes the more targeted MAIFI value.

The standard calculation to monetize the impact of this benefit utilizes the following formula:
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Value ($) = [Momentary Interruptions (# of interruptions) * VOS — Power Quality ($ per
interruption) - [Momentary Interruptions (# of interruptions) * VOS ($ per interruption)]

] Baseline Project

Momentary Interruptions (# of interruptions) = MAIFI (Index) * X{Total Customers Served by
class (#)}

The optional calculation to monetize the impact of this benefit utilizes the following formula:

Value ($) = [Momentary Interruptions (# of interruptions) * VOS — Power Quality ($ per
interruption) - [Momentary Interruptions (# of interruptions) * VOS ($ per interruption)]p,ge.

]Baseline
Momentary Interruptions (# of interruptions) = MAIFI of Impacted Feeders (Index) * L{Total
Customers Served by class on the Impacted Feeders (#)}

A.1.18 Reduced Sags and Swells

The Reduced Sags and Swells benefit can be realized through one function and one EER:
»  Enhanced Fault Protection
»  Stationary Electricity Storage

The project would track the number of high impedance faults that were cleared without causing voltage
sags. Feeder monitoring will most likely be required to determine the number and severity of voltage
sags since customers do not always detect these events, and most probably go unreported.

Value ($) = [Number of High Impedance Faults Cleared (# of events) * VOS — Sags and Swells
($/event)]Baseline - [Number of High Impedance Faults Cleared (# of events) * VOS — Sags and Swells
($/eVent) ] Project

VOS would be for voltage sag and swell events, and is probably most applicable to customers with
sensitive loads. The project or DOE will estimate the VOS associated with voltage variations, and could
refer to IEEE 11590 or a similar guideline to determine the technical impact of these events and calculate
the value.

A.1.19 Reduced CO2 Emissions

The Reduced CO: Emissions benefit can be realized through six functions and three EERs:
»  Power Flow Control
»  Automated Feeder and Line Switching
»  Automated Voltage and VAR Control
»  Diagnosis & Notification of Equipment Condition
»  Real-Time Load Measurement & Management
»  Real-time Load Transfer
»  Customer Electricity Use Optimization

10 JEEE Std 1159-1995 IEEE Recommended Practice for Monitoring Electric Power Quality
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»  Distributed Generation
»  Stationary Electricity Storage
»  Plug-in Electric Vehicles

For Automated Feeder and Line Switching, Diagnosis & Notification of Equipment Condition, and Real
Time Load Measurement and Management, the impact of this benefit is based on reducing truck rolls for
operations and maintenance, and meter reading. The project would track the number and distance of
truck rolls for typical distribution operations activities. The average fuel efficiency of the vehicles would
be reported and the emissions associated with using fuel for truck rolls would then be determined.!!

CO2 Emissions (tons) = Truck Rolls (# of events) * Average Miles Travelled per Truck Roll (miles/event)
+ Average Fuel Efficiency for Truck Roll Vehicle (miles/gallon) * CO2 Emissions per Gallon of Fuel
(tons/gallon)

Alternatively the truck rolls for each of these different activities could be tracked and reported
separately, and the emissions would be calculated separately as well using the following formula:

CO2 Emissions (tons) = Z{Number of Operations Completed(# of events) * Average Miles Traveled per
Operation (miles/event) + Average Fuel Efficiency for Service Vehicle (miles/gallon)} * CO2 Emissions
per Gallon of Fuel (tons/gallon)

For Power Flow Control, Automated Voltage and VAR Control, Customer Electricity Use Optimization
and EERs the reduction is due to reducing the amount of central generation needed to meet demand.
More specifically, the reduction in emissions is associated with reducing peak demand and reducing the
use of central generation. Therefore, the emissions associated with central generation would have to be
determined for each project based on the generation mix in the service territory of the project. The
emissions (or emissions avoided) would then be reported directly.

CO2 Emissions (tons) = Calculated and reported by the project directly.

For PEVs that are being used as service vehicles, or being deployed throughout the service territory as
part of studies, there will be an avoided CO2 emissions benefit associated with the electricity that these
vehicles use instead of burning fuel. This avoided CO2 is calculated using the following formula:

CO2 Emissions Avoided (tons) = kWh of Electricity Consumed by PEVs (kWh) * Electricity to Fuel
Conversion Factor (gallons/kWh) * CO2 Emissions per Gallon of Fuel (tons/gallon)

All of these sources of emissions and avoided emissions values would be aggregated for a particular
project and monetized according to the following formulae:

Value ($) = Z{Net CO2 Emissions Avoided (tons)}* Value of CO2 ($/ton)

Net CO2 Emissions Avoided (tons) = [CO, Emissions (tons)] - [CO, Emissions (tons)]

Baseline Project

'EPA reports 19.4 Ibs CO2 per gallon of gasoline.

DOE Sensitive — Do not photocopy or distribute without authorization
© 2009 Navigant Consulting, Inc. A-13


http:determined.11

NAVIGANT

CONSULTING

Net CO2 Emissions Avoided (tons) = [CO2 Emissions Avoided(tons)]

Avoided (tons) ] Baseline

- [CO2 Emissions

Project

A.1.20 Reduced SOx, NOx, and PM-2.5 Emissions

The benefit of reducing SOx, NOx and PM-2.5 emissions benefit can be realized through six functions
and three EERs:

»  Power Flow Control

»  Automated Feeder and Line Switching

»  Automated Voltage and VAR Control

»  Diagnosis & Notification of Equipment Condition

»  Real-Time Load Measurement & Management

»  Real-time Load Transfer

»  Customer Electricity Use Optimization

»  Distributed Generation

»  Stationary Electricity Storage

»  Plug-in Electric Vehicles

As with COz reductions, the impact of this benefit for Automated Feeder and Line Switching, Diagnosis
& Notification of Equipment Condition, and Real Time Load Measurement and Management is based on
reducing truck rolls for operations and maintenance. The equations for quantifying the emissions from
these sources are similar.

Emissions (tons) = Truck Rolls (# of events) * Average Miles Travelled per Truck Roll (miles/event) +
Average Fuel Efficiency for Truck Roll Vehicle (miles/gallon) * Emissions per Gallon of Fuel (tons/gallon)

If the project wants to track the number of truck rolls, average miles traveled, and average fuel efficiency
of the vehicles for each activity separately the following formula would be used:

Emissions (tons) = Z{Number of Operations Completed(# of events) * Average Miles Traveled per
Operation (miles/event) + Average Fuel Efficiency for Service Vehicle (miles/gallon)} * Emissions per
Gallon of Fuel (tons/gallon)

For Power Flow Control, Automated Voltage and VAR Control, Customer Electricity Use Optimization
and EERs the reduction is due to reducing the amount of central generation needed to meet demand.
More specifically, the reduction in emissions is associated with reducing peak demand and reducing the
use of central generation. Therefore, the emissions associated with central generation would have to be
determined for each project based on the generation mix in the service territory of the project. The
emissions (or emissions avoided) would then be reported directly.

Emissions (tons) = Calculated and reported by the project directly.

For PEVs that are being used as service vehicles, or being deployed throughout the service territory as
part of studies, there will be an avoided emissions benefit associated with the electricity that these
vehicles use instead of burning fuel. The avoided emissions are calculated using the following formula:
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Emissions Avoided (tons) = kWh of Electricity Consumed by PEVs (kWh) * Electricity to Fuel
Conversion Factor (gallons/kWh) * Emissions per Gallon of Fuel (tons/gallon)

All of these sources of emissions and avoided emissions would be aggregated for a particular project and
monetized according to the following formulae:

Value ($) = Z{Net Emissions Avoided (tons)* Value of Emissions ($/ton)}
Net Emissions Avoided (tons) = [Emissions (tons) - [Emissions (tons)]

]Baseline Project

Net Emissions Avoided (tons) = [Emissions Avoided(tons)] - [Emissions Avoided (tons) ]

Project

Baseline

A.1.21 Reduced Oil Usage

The Reduced Oil Usage benefit can be realized through two functions and one EER:
»  Automated Feeder and Line Switching
»  Diagnosis & Notification of Equipment Condition
»  Real Time Load Measurement and Management
»  Plug-in Electric Vehicles

To determine the impact of this benefit, an estimate of the fuel consumed per truck roll is used. For
Automated Feeder and Line Switching, the project will report the typical number of switching
operations performed per feeder or region as a baseline and estimate the fuel consumed per switching
operation. For Diagnosis & Notification of Equipment Condition, the project will report the typical
number of trips to perform maintenance per feeder or region as a baseline and estimate the fuel
consumed per maintenance operation. For Real Time Load Measurement and Management, the project
will report the number of trips to perform meter reading and other meter operations as a baseline and
estimate the fuel consumed per maintenance operation. The project will track the number operations
that are performed during the project, and estimate the fuel savings by not rolling a truck to perform
them manually.

For Automated Feeder and Line Switching, Diagnosis & Notification of Equipment Condition, and Real
Time Load Measurement and Management, in order to estimate the fuel use the project can count the
overall number of truck rolls for all of these events and use the equation below:

Fuel Use (gallons) = Truck Rolls (# of events) * Average Miles Travelled per Truck Roll (miles/event) +
Average Fuel Efficiency for Truck Roll Vehicle (miles/gallon)

Alternatively the project can count the number of operations performed for each of these categories
separately and use the formula below to estimate fuel use:

Fuel Use (gallons) = Z{Number of Operations Completed(# of events) * Average Miles Traveled per

Operation (miles/event) + Average Fuel Efficiency for Service Vehicle (miles/gallon)}
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For PEVs, the electrical energy used by PEVs displaces the equivalent amount of gasoline. However,
PEVs may not be individually metered. The project may be required to estimate how much electricity is
used to charge them.

Avoided Fuel Use (gallons) = kWh of Electricity Consumed by PEVs (kWh) * Electricity to Fuel
Conversion Factor (gallons/kWh)

All of these sources of fuel use and avoided fuel use would be aggregated for a particular project and
monetized according to the following formulae:

Value (gallons of o0il) = Net Avoided Fuel Use (gallons)* Fuel to Oil Conversion Factor (gallons
oil/gallon fuel)
Net Avoided Fuel Use (gallons) = [Fuel Use (gallons)]p,g.in. - [Fuel Use (gallons)] pjec

Net Avoided Fuel Use (gallons) = [Avoided Fuel Use (gallons)],. - [Avoided Fuel Use
(gallons)

] Baseline

A.1.22 Reduced Wide-scale Blackouts

The Reduced Wide-scale Blackouts benefit can be realized through two functions:
»  Wide Area Monitoring and Visualization
»  Dynamic Capability Rating

The value of this benefit could be estimated by calculating the number of blackouts that would be
avoided and the cost of each event. The project would report instances where conditions were detected
that could have put the system at great risk in the past. These could be considered a Wide-scale Blackout
"event”, and then the expected cost of the event would be estimated by the project. Alternatively, this
benefit could be estimated by tracking the number of blackout events that take place and the cost of
those events. For the baseline the project would estimate the impact and cost of those events assuming
no smart grid technology had been installed. The monetary impact of this benefit is calculated using the
following formula:

Value ($) = [Number of Wide-scale Blackouts (# of events) * Estimated Cost of each Wide-scale Blackout
($/event)], ... - [Number of Wide-scale Blackouts (# of events) * Estimated Cost each Wide-scale

BlaCkout ($/€Vent) ] Project
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A.2 Cost Calculations

The cost calculations of the SGCT involve three basic steps:
1. Determine a nominal cost schedule
2. Determine a present value cost schedule
3. Determine the NPV of the project

Determining a nominal cost schedule can be accomplished in two ways: 1) the user can directly enter a -
nominal cost schedule 2) the SGCT can calculate a cost schedule based on user inputs. -

The cost that should be entered into the SGCT should represent the total installed cost of the project and -
should include all capital costs and direct labor costs, i.e. construction, installation, integration, testing, -
and commissioning. -

If the user enters the cost schedule manually, they will be able to enter costs beginning two years prior -
from the project start date and extending until 2040. -

In order for the SGCT to determine a cost schedule the inputs listed in Table 12 are entered into the -
SGCT. -

Table 12. Cost Calculation Inputs

Input Description

Initial Year of Project Spending The first year that payments for project capital
costs are made.

Final Year of Project Spending The last year that payments for project capital costs
are made
Total Capital Cost of the Project The total capital cost of the project including direct

labor costs, i.e. construction, installation,
integration, testing, and commissioning.

Interest Rate The interest rate that would be paid on financing
the total capital cost of the project.

From these inputs the nominal cost schedule is calculated by amortizing total capital cost evenly over the
spending period according to the following equation:

_ r

[1-(Yy40)]

Where: -

A = Yearly Amortize Cost -

r = Interest Rate -

t = Total time (years) over which cost is amortized -

In order to determine the present value cost schedule each year of the nominal cost schedule (user
entered or SGCT calculated) is multiplied by the appropriate discount factor. For the project starting
year the discount factor is 1. Each yearly cost is multiplied by the following discount factor:

dg=(01-r)t
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Where:
= Discount factor in year ¢
r = Discount rate
t = Discount year, year 0 correspond to the project starting year. Negative year values are used
for expenditures that occur before the project starting year.

In order to determine the NPV of the project the present value cost schedule is subtracted from the
present value total benefits schedule. The present value total benefits schedule is calculated by
multiplying the total benefits schedule by the discount factor. Subtracting these two schedules yields the
present value net benefit schedule. Summing this schedule yields the total project NPV.
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Appendix B: SGCT Key Concepts

B.1 Detailed Explanation of the Baseline Concept

Baselines are required because simply measuring a metric in isolation does not allow one to determine
the improvement that smart grid technology has had on the grid. For example simply measuring SAIFI or
SAIDI after installing advanced smart switches will not allow someone to make an assessment about how
this technology has improved reliability. To make this type of assessment the measured value must be
compared against some standard in order to make a statement about the improvement or benefit of the
technology. For the SGCT the standard against which metrics are measured is the baseline value. In other
words, the baseline values serve as reference points for the metrics that are entered into the SGCT and are
used to help determine the improvement that smart grid technology has had on the grid.

Therefore, determining the value of the smart grid projects requires an understanding of how the system
would have performed given a baseline build-out of smart grid technology. For most users, the most
appropriate baseline build-out to use will be their electricity grid without smart grid technology. Defining
baseline in this way will enable the user to use the SGCT to calculate the absolute benefit of the smart grid
technology they are installing. The DOE will use the SGCT to evaluate the benefits from the Smart Grid
Investment Grant (SGIG) and Smart Grid Demonstration Program (SGDP) projects that were established
as part of the American Recovery and Reinvestment Act legislation. In this analysis the DOE wishes to
understand the value of the SGDP and SGIG programs in advancing the nation’s smart grid. Therefore, in
this analysis the baseline build-out will be defined as the electricity grid that would have existed had an
award not been received; this baseline build-out may or may not include smart grid technology
deployment. Once the baseline build-out is understood, baseline forecasts for the relevant impact metrics
(SGCT inputs) must be estimated by assessing how the grid would have performed given the baseline
build-out. Depending on the metric and the nature of the project, baseline estimates may be derived from
recent historical data, forecasts, statistical or model-based projections, or possibly by collecting data from
comparison/control groups (e.g., similar feeders or households) during the course of the project.

B.2 Detailed Explanation of SGCT Inputs

Every user of the SGCT must input data about the customer electricity rates and customer population
(See section 4.2.2 Data Input Module (DIM)). These data are always required because they are used in
multiple benefit calculations. The SGCT allows the user to enter data for up to five customer sub-classes
within each major customer class. These subclasses should be used to enter data about special segments
of each major customer class. For example, the user may wish to define a residential customer sub-class
for customers with AMI infrastructure, dynamic pricing, and direct load control devices and enter data
for this class separately. If the user does not wish to define sub-classes then data can simply be entered
for sub-class 1 and it will represent the data for the entire major customer class. If a user defines multiple
sub-classes then the same sub-classes should be used when entering data for electricity rates, customer
population, and hourly customer electricity usage inputs.
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Customer electricity rates should capture the average or typical energy rate and demand charge for each
customer sub-class. If a sub-class contains customers with different tariff schedules, or customers with
variable pricing, then the rates should be averaged appropriately so a single value can be entered into the

SGCT.

Table 13 briefly summarizes all of the inputs required to calculate every benefit in the SGCT. This table
contains inputs for both standard and optional calculations.

Table 13. Input Summary Table

Metric . Units . Definition

Annual $ Total cost of producing or procuring electricity to serve load. This

Generation Cost electricity could be produced by utility owned generation resources
or purchased from a third party.

Avoided Annual MWh The annual amount of generation dispatch avoided as a result of: 1)

Generator more efficient operations (i.e. if generators can follow load more

Dispatch closely), and/or 2) the coordinated operation of energy storage or
plug-in electric vehicle which results in avoided central generation
dispatch.

Average Hourly $/MWh Average hourly cost to generate 1 MWh of energy. This could also

Generation Cost be the average hourly cost to purchase 1 MWh of electricity from a
supplier. This number is multiplied by the Avoided Annual
Generator Dispatch to monetize the value of this benefit.

Annual Energy % The typical annual charge/discharge efficiency of all active utility

Storage Efficiency energy storage devices. Mathematically this is represented as the
average useful energy output from energy storage devices divided
by the total electrical energy input.

Annual PEV % The typical annual charge/discharge efficiency of PEV batteries

Efficiency which can be utilized as energy storage assets of the grid. This
storage efficiency could improve over the next five years as a result
of improving technology.

Energy Storage MW The amount of energy storage power available to meet annual peak

Use at Annual demand. By providing peak power from energy storage devices the

Peak Time amount of peak generation capacity can be reduced.

Distributed MW The amount of distributed generation capacity available to meet

Generation Use at annual peak demand. By providing peak power from DG resources

Annual Peak Time the amount of peak generation capacity can be reduced.

PEV Use at MW The amount of power available from PEVs to meet annual peak

Annual Peak Time demand. By providing peak power from PEVs the amount of peak
generation capacity can be reduced.
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Metric . Units . Definition

Total Customer MW The total customer peak demand for customers within the project

Peak Demand scope. For some projects the scope might only include a subset of
residential customers (i.e. residential customers with AMI
technology), for other projects the project scope might include all
customers within the service territory (including commercial and
industrial customers). This input should already include any
impacts from energy efficiency, demand response, or any other
programs and technology that results in customer electricity use
optimization.

Price of Capacity | $/MW The price paid for peak capacity ($/MW), which represents the

at Annual Peak capital expenditures for conventional generation.

Capital Carrying | $ The total capital cost of a deferred generation plant or generation

Charge of New unit. This benefit assumes that deferral is primarily the result of

Generation reducing peak demand. Please enter the total deferred cost in the
first year that it will be deferred.

Generation yrs The time in years that the generation investment will be deferred.

Investment Time Decimal numbers can be entered (ex. 5.5).

Deferred

Ancillary Services | $ Total annual cost of ancillary services. Ancillary services, including

Cost spinning reserve and frequency regulation, could be reduced if:
generators could more closely follow load; peak load on the system
was reduced; power factor, voltage, and VAR control were
improved; or information available to grid operators were
improved.

Average Price of $/MW Typical market price for spinning and non-spinning reserves

Reserves (ancillary services).

Reserve Purchases | MW Amount of spinning and non-spinning reserves (ancillary services)
purchased annually.

Average Price of $/MW Typical market price for frequency regulation service (ancillary

Frequency service).

Regulation

Frequency MW Amount of frequency regulation service (ancillary service)

Regulation purchased annually.

Purchases

Average Price of $/MVAR | Typical market price for voltage support (ancillary service).

Voltage Control

Voltage Control MVAR Amount of voltage support (ancillary service) purchased annually.

Purchases
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Metric

Definition

. Units

Congestion Cost $ Total annual transmission congestion cost. Project functions that
could reduce these costs either provide lower cost energy, decrease
loading on system elements, shift load to off-peak, or allow the grid
operator to manage the flow of electricity around constrained
interfaces (i.e. dynamic line capability or power flow control).

Congestion MW Annual congestion relief as a result of decrease loading on system
elements, a shift of load to off-peak, or allowing the grid operator
to manage the flow of electricity around constrained interfaces (i.e.
dynamic line capability or power flow control).

Average Price of $/MW Average cost of congestion in the project territory or during the

Congestion hours that the project provided congestion relief.

Capital Carrying | $ The total capital cost of transmission system investments that can

Charge of be deferred as a direct result of the project. Reducing the load and

Transmission stress on transmission elements increases asset utilization and

Upgrade reduces the potential need for upgrades. Please enter the total
deferred cost in the first year that it will be deferred.

Transmission yrs The time in years that the transmission investment will be deferred.

Investment Time Decimal numbers can be entered (ex. 5.5).

Deferred

Capital Carrying | $ The total capital cost of distribution system investments that can be

Charge of deferred as a direct result of the project. Reducing the load and

Distribution stress on distribution elements increases asset utilization and

Upgrade reduces the potential need for upgrades. Please enter the total
deferred cost in the first year that it will be deferred.

Distribution yrs The time in years that the distribution investment will be deferred.

Investment Time Decimal numbers can be entered (ex. 5.5).

Deferred

Capital $ Capital expenditures related to replacing failed equipment within

Replacement of the project scope. Equipment that falls within the project scope can

Failed Equipment include equipment that may be impacted by enhanced monitoring
and detection, reduction of fault currents, enhanced fault
protection, or loading limits based on real-time equipment or
environmental factors.

Portion Caused by | % An estimate or calculation of the percentage of equipment failures

Fault Current or caused primarily by exposure to fault currents or overloads.

Overloaded

Equipment

Portion Caused by | % An estimate or calculation of the percentage of equipment failures

Lack of Condition caused primarily by a lack condition diagnosis.

Diagnosis
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Metric

. Units

Definition

Total $ The total annual cost of transmission equipment maintenance.

Transmission Online diagnosis and reporting of equipment condition could

Equipment reduce or eliminate the need to send people out to check or

Maintenance Cost maintain equipment resulting in a cost savings.

Total Distribution | $ The total annual cost of distribution equipment maintenance.

Equipment Online diagnosis and reporting of equipment condition could

Maintenance Cost reduce or eliminate the need to send people out to check or
maintain equipment resulting in a cost savings.

Distribution $ Total activity based cost for distribution operations during the

Operations Cost reporting period. Cost related to feeder and capacitor switching
operations as well as other distribution operations costs that could
be impacted as a result of the smart grid project (ex. other field
services or load research costs) could be input. Alternatively, the
avoided distribution operations costs could be entered. If avoided
costs are entered they should be entered as negative numbers.

Transmission $ Total activity based cost for transmission operations during the

Operations Cost reporting period. Cost related to line and capacitor switching
operations as well as other transmission operations costs that could
be impacted as a result of the smart grid project could be input.
Alternatively, the avoided transmission operations costs could be
entered. If avoided costs are entered they should be entered as
negative numbers.

Distribution $ Distribution operations cost related to feeder switching.

Feeder Switching Alternatively, the avoided costs of feeder switching associated with

Operations automated switches could be entered. If avoided costs are entered
they should be entered as negative numbers.

Distribution $ Distribution operations cost related to capacitor switching.

Capacitor Alternatively, the avoided costs of capacitor switching associated

Switching with automated switches could be entered. If avoided costs are

Operations entered they should be entered as negative numbers.

Other Distribution | $ Other distribution operations costs that could be impacted as a

Operations Cost result of the smart grid project (ex. other field services or load
research costs). Alternatively, the avoided distribution operations
costs could be entered. If avoided costs are entered they should be
entered as negative numbers.

Meter Operations | $ Total cost associated with meter reading operations. This cost can

Cost be measured or calculated by measuring number of meters to be

read manually and estimating the average cost to manually read a
meter. There may be other meter costs that could be included in
this input such as costs to connect/disconnect customers,
investigate customer outages, and conduct maintenance.
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Metric

. Units

Definition

Number of Meter | # Total annual number of residential meter tamper cases detected

Tamper Detections and substantiated as legitimate theft attempts.

- Residential

Number of Meter # Total annual number of commercial meter tamper cases detected

Tamper Detections and substantiated as legitimate theft attempts.

- Commercial

Number of Meter # Total annual number of industrial meter tamper cases detected and

Tamper Detections substantiated as legitimate theft attempts.

- Industrial

Average Annual kWh

gluesct:‘Zgy Usage These inputs represent the average annual electricity usage (kWh)
of a single typical residential, commercial, or industrial customer

Average Annual kWh ot . . .

et within the project SSOPE. Because thlS.ll’.lput will be usec.l to

it Ve calculate the k?eneﬁt of reduced electricity theft, the project scope
should be defined by those customers who have AMI technology

Average Annual kWh that can be used to detect electricity theft.

Customer

Electricity Usage

Distribution MVA Average apparent power readings for all feeders impacted by the

Feeder Load project. This input will be used to calculate electricity losses so
feeders that have been made more efficient or feeders that have had
peak or average loadings decreased should be included. If
substations have been made more efficient the average power level
of the substation(s) should be input. Information should be based
on hourly loads.

Distribution % Average losses for the portion of the distribution system impacted

Losses by the project expressed as a percentage of total loading. This can
be modeled or calculated.

Transmission Line | MVA Average apparent power readings for all lines impacted by the

Load project. This information will be used to calculate electricity losses
so lines over which losses could be reduced as a result of the
project should be included. Information should be based on hourly
loads.

Transmission % Average losses for the portion of the transmission system impacted

Losses by the project expresses as a percentage of total loading. This can
be modeled or calculated.

Average Price of $/kWh Average wholesale market price of electricity. This input will be

Wholesale Energy used to monetize electricity losses.

Total Residential | $ Total amount of money spent on electricity by residential

Electricity Cost

customers annually. This amount could be reduced as a result of
new pricing programs, efficiency programs, demand response

programs, and/or changes in usage habits.
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Metric

. Units

Definition

Total Commercial | $ Total amount of money spent on electricity by commercial

Electricity Cost customers annually.

Total Industrial $ Total amount money spent on electricity by industrial customers

Electricity Cost annually.

SAIDI (system) Index The SAIDI for the entire system should be entered for this input. If
the SAIDI just for the part of the system that will be impacted by
the project is available use the optional inputs for the reliability
calculation. SAIDI is defined as: Total Customer Hours
Interrupted/Total Customers Served

CAIDI (system) Index The CAIDI for the entire system should be entered for this input. If
the CAIDI just for the part of the system that will be impacted by
the project is available use the optional inputs for the reliability
calculation. CAIDI is defined as: Total Customer Hours
Interrupted/Total Customers Interrupted

SAIDI (Impacted Index SAIDI is defined as: Total Customer Hours Interrupted/Total

Feeders or Lines) Customers Served Total Customer. The customer data used to
derive this index should only include customers on feeders that are
expected to experience improved reliability as a result of installed
DA equipment.

CAIDI (Impacted Index CAIDI is defined as: Total Customer Hours Interrupted/Total

Feeders or Lines) Customers Interrupted. The customer data used to derive this
index should only include customers on feeders that are expected
to experience improved reliability as a result of installed
equipment.

Total Residential | # Total number of residential customers served on feeders that will

Customers Served be impacted by project initiatives aimed at reliability.

by Impacted

Feeders or Lines

Total Commercial | # Total number of commercial customers served on feeders that will

Customers Served be impacted by project initiatives aimed at reliability.

by Impacted

Feeders or Lines

Total Industrial # Total number of industrial customers served on feeders that will be

Customers Served impacted by project initiatives aimed at reliability.

by Impacted

Feeders or Lines

Outage Time of hr Total outage time experienced by residential customers from an

Major Outage -
Residential

interruption of electric service that is categorized as a major event
by IEEE Std 1366-2003.
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Metric . Units . Definition

Number of kw Number of total residential customers that experienced service

Customers estimated | interruption from an event defined as a major event by IEEE Std

Affected by Major 1366-2003.

Outage -

Residential

Outage Time of hr Total outage time experienced by commercial customers from an

Major Outage - interruption of electric service that is categorized as a major event

Commercial by IEEE Std 1366-2003.

Number of kW Number of total commercial customers that experienced service

Customers estimated | interruption from an event defined as a major event by IEEE Std

Affected by Major 1366-2003.

Outage -

Commercial

Outage Time of hr Total outage time experienced by industrial customers from an

Major Outage - interruption of electric service that is categorized as a major event

Industrial by IEEE Std 1366-2003.

Number of kw Number of total industrial customers that experienced service

Customers estimated | interruption from an event defined as a major event by IEEE Std

Affected by Major 1366-2003.

Outage -

Industrial

Value of Service - | $/kWh Represents the true value of the electricity service to the residential

Residential customer without regard to the actual cost of providing the service.
This input captures the value of service reliability quantified by the
willingness of customers to pay for service reliability, taking into
account the resources (e.g., income) of the residential customer or
by a firm’s expected net revenues associated with the added
reliability.

Value of Service - | $/kWh Represents the true value of the electricity service to the

Commercial commercial customer without regard to the actual cost of providing
the service. This input captures the value of service reliability
quantified by the willingness of customers to pay for service
reliability, taking into account the resources (e.g., income) of the
residential customer or by a firm’s expected net revenues
associated with the added reliability.

Value of Service - | $/kWh Represents the true value of the electricity service to the industrial

Industrial

customer without regard to the actual cost of providing the service.
This input captures the value of service reliability quantified by the
willingness of customers to pay for service reliability, taking into
account the resources (e.g., income) of the residential customer or
by a firm’s expected net revenues associated with the added
reliability.
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Metric . Units . Definition

Average Hourly kw

Load Not Served

During Outage per

Customer These inputs represent the average hourly load (kW) of a typical

Average Hourly kw residential, commercial, or industrial customer within the project

Load Not Served scope. This average hourly load will be used to calculate the

During Outage per unserved electricity during an outage event. The project scope

Customer should be defined by those customers who are included in the

Average Hourly kW SAIDI calculations.

Load Not Served

During Outage per

Customer

Distribution $ Total annual distribution restoration costs. These costs can include

Restoration Cost line crew labor/material/equipment, support services such as
logistics, call centers, media relations, and other professional staff
time and material associated with service restoration.

Transmission $ Total annual transmission restoration costs. These costs can include

Restoration Cost line crew labor/material/equipment, support services such as
logistics, call centers, and other professional staff time and material
associated with service restoration.

Number of Outage | # of Annual number of outage events.

Events events

Restoration Cost | $/event Average restoration cost per outage event.

per Event

MAIFI (System) Index The MAIFI index for the entire system should be entered for this
input. If the MAIFI index just for the part of the system that will be
impacted by the project is available use the optional inputs for this
reliability calculation. MAIFI is defined as: Total number of
Customer Momentary Outages (as defined by the IEEE)/Total
Number of Customers Served.

Value of Service - | $/# of Represents the true value of the avoided momentary outages to the

PQ customer | utility customer without regard to the actual cost of providing the

interrupti | service. This input captures the value of service reliability
ons quantified by the willingness of customers to pay for service

reliability, taking into account the resources (e.g., income) of the
residential customer or by a firm’s expected net revenues
associated with the added reliability.
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Metric

Definition

. Units

MAIFI (Impacted | Index MAIFI is defined as: Total number of Customer Momentary

Feeders) Outages (as defined by the IEEE)/Total Number of Customers
Served. The customer data used to derive this index should only
include customers on feeders that are expected to experience
reduced momentary interruptions as a result of installed
equipment.

Total Residential | # Total residential customers served on feeders that are expected to

Customers Served experience reduced momentary interruptions as a result of

on Impacted installed equipment.

Feeders

(momentary)

Total Commercial | # Total Commercial customers served on feeders that are expected to

Customers Served experience reduced momentary interruptions as a result of

on Impacted installed equipment.

Feeders

(momentary)

Total Industrial # Total Industrial customers served on feeders that are expected to

Customers Served experience reduced momentary interruptions as a result of

on Impacted installed equipment.

Feeders

(momentary)

Number of High # of The number of high impedance faults that were cleared without

Impedance Faults | events causing voltage sags.

Cleared

Value of Service - | $/event Represents the true value of the avoided power quality events

Sags & Swells (voltage) to the utility customer without regard to the actual cost of
providing the service. This input captures the value of service
reliability quantified by the willingness of customers to pay for
service reliability, taking into account the resources (e.g., income)
of the residential customer or by a firm’s expected net revenues
associated with the added reliability.

Truck Rolls # of The number of truck rolls avoided as a result of distribution

events automation and AMI technology. Truck rolls can be avoided due to

functionality such as remote meter reads, remote meter
connect/disconnect, remote switching operations, automated
diagnostics and notification, and remote outage verification.

Average Miles miles/eve | The average miles travelled per service call, maintenance operation,

Travelled per nt switching operation or other truck roll. The vehicles that would be

Truck Roll used in the avoided truck rolls should be used to determine this

input.
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. Units

. Definition

Metric

Average Fuel miles/gal | The average vehicle or fleet fuel efficiency (in miles per gallon) of

Efficiency for lon the vehicles used for service calls and truck rolls. The vehicles that

Truck Roll Vehicle would be used in the avoided truck rolls should be used to
determine this input.

Number of Feeder | # of Total number of manual feeder switching or maintenance

Switching or events operations performed per year. Alternatively, the avoided number

Maintenance of manual switching operations could be entered. If avoided

Operations switching operations are entered they should be entered as

Completed negative numbers.

Average Miles miles/eve | Average miles traveled per feeder switching or maintenance

Traveled per nt operation.

Switching or

Maintenance

Operation

Average Fuel miles/gal | Average vehicle or fleet fuel efficiency for feeder service vehicles.

Efficiency for lon

Feeder Service

Vehicle

Number of # of Total number of manual inspections performed per year.

Diagnosis events Alternatively, the avoided number of manual diagnosis/notification

/Notification operations could be entered. If avoided inspections are entered

Operations they should be entered as negative numbers.

Completed

Average Miles miles/eve | Average miles traveled per inspection.

Traveled per nt

Diagnosis

/Notification

Operation

Average Fuel miles/gal | Average vehicle or fleet fuel efficiency for service vehicles used for

Efficiency for lon equipment diagnosis operations.

Diagnosis

/Notification

Service Vehicle

Number of Meter | # of Total number of manual meter reads performed per year.

Reading events Alternatively, the avoided meter reads could be entered. If avoided

Operations meter reads are entered they should be entered as negative
numbers.

Average Miles miles/eve | Average miles traveled per meter read.

Traveled per meter | nt

read
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Metric . Units . Definition

Average Fuel miles/gal | Average vehicle or fleet fuel efficiency for service vehicles used for
Efficiency for lon meter reading.

Real-Time Load

Measurement/Man

agement Service

Vehicle

kWh of Electricity | kWh The total kWhs of electricity consumed by PEVs in the service
Consumed by territory. This could be determined from data collected from PEV
PEVs charging stations.

Electricity to Fuel | gallons/k | The equivalent amount of gasoline a PEV would use when it
Conversion Factor | Wh consumes one kWh of electricity.

CO2 Emissions tons/gall | The typical amount of CO2 emitted from burning a gallon of fuel in
per Gallon of Fuel | on vehicles used for service calls and truck rolls. The default data is

based on gasoline fuel.

CO2 Emissions tons CO2 emissions from central generating sources. Functionality such
as Automated Voltage and VAR Control, Customer Electricity Use
Optimization, Plug-in Electric Vehicles, Stationary Electric Storage,
Distributed Generation, and Power Flow Control can offset central
generation, reduce line losses and increase renewable integration
which can lead to fewer CO2 emissions. Alternatively, the avoided
CO2 emissions could be entered. If avoided emissions are entered
they should be entered as negative numbers.

Value of CO2 $/ton The anticipated or current market price of carbon emissions.

Sox Emissions per | tons/gall | The typical amount of SOx emitted from burning a gallon of fuel in
Gallon of Gas on vehicles used for service calls and truck rolls. The default data is
based on gasoline fuel.

NOx Emissions tons/gall | The typical amount of NOx emitted from burning a gallon of fuel
per Gallon of Gas | on in vehicles used for service calls and truck rolls. The default data is
based on gasoline fuel.

PM-2.5 per Gallon | tons/gall | The typical amount of PM-2.5 emitted from burning a gallon of fuel

of Gas on in vehicles used for service calls and truck rolls. The default data is
based on gasoline fuel.
SOx Emissions tons The SOx, NOx, or PM-10 (or PM-2.5) emissions from central

generating sources. Functionality such as Automated Voltage and
VAR Control, Customer Electricity Use Optimization, Plug-in
NOx Emissions Electric Vehicles, Stationary Electric Storage, Distributed
Generation, and Power Flow Control can offset central generation,
reduce line losses and increase renewable integration which can
PM-2.5 Emissions lead to fewer CO2 emissions. Alternatively, the avoided CO2
emissions could be entered. If avoided emissions are entered they
should be entered as negative numbers.

Value of SOx $/ton The anticipated or current market price of SOx emissions.
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Metric . Units . Definition

Value of NOx $/ton The anticipated or current market price of NOx emissions.

Value of PM-2.5 $/ton The anticipated or current market price of PM-10 (or PM-2.5)
emissions.

Number of Wide- | # of The number of wide-scale blackouts per year.

scale Blackouts events

Estimated Cost of | $/event The average, typical or calculated cost of each blackout event.

each Wide-scale

Blackout

B.3 Detailed Explanation of Input Escalation Techniques

The SGCT can calculate benefits beyond the first five years based on five years of project data and five
years of baseline data. Furthermore, the SGCT can calculate benefits beyond the first five years even if
less than five years of project data is entered'2. It is able to accomplish this by forecasting project and
baseline input values using various methods and escalation factors described below. Once these input
forecasts are prepared they are used in the benefit calculations to determine benefit values in the out-
years.

After the fifth year, baseline and project inputs are escalated either by the default escalation factors
presented in Table 15, Table 16, Table 17, and Table 18, by user entered escalation factors, or are held
constant. Different inputs are escalated by different factors; Table 14 summarizes which the inputs are
escalated by the various factors. If an input is escalated by multiple escalation factors, the input is simply
escalated by the sum of the two escalation factors. If an input is not represented in Table 14 then it is held
constant after the fifth year.

Table 14. Summary of Inputs Projected by Escalation Factors

Escalation Factor Inputs that are projected by escalation factor

Population Number of Meter Tamper Detections — Residential,
| Commercial, Industrial
Number of Meter Reading Operations
kWh of Electricity Consumed by PEVs

12 Provided five years of baseline data are entered.
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Escalation Factor [ Inputs that are projected by escalation factor

Load Growth

Avoided Annual Generator Dispatch

Energy Storage Use at Annual Peak Time
Distributed Generation Use at Annual Peak Time
PEV Use at Annual Peak Time

Reserve Purchases

Frequency Regulation Purchases

Voltage Control Purchases

Congestion

Distribution Feeder Load

Transmission Line Load

Inflation

Capital Replacement of Failed Equipment

Total Transmission Equipment Maintenance Cost
Total Distribution Equipment Maintenance Cost
Distribution Operations Cost

Transmission Operations Cost

Distribution Feeder Switching Operations
Distribution Capacitor Switching Operations
Other Distribution Operations Cost

Meter Operations Cost

Value of Service — Residential, Commercial, Industrial
Distribution Restoration Cost

Transmission Restoration Cost

Restoration Cost per Event

Value of Service - PQ

Value of Service - Sags & Swells

Value of CO2, SOx, NOx, PM-2.5

Estimated Cost of each Wide-scale Blackout

Energy Price

Average Hourly Generation Cost

Price of Capacity at Annual Peak
Average Price of Reserves

Average Price of Frequency Regulation
Average Price of Voltage Control
Average Price of Congestion

Average Price of Wholesale Energy

Energy Price &
Load Growth

Annual Generation Cost
Ancillary Services Cost
Congestion Cost

Energy Price &
Population Growth

Total Electricity Cost — Residential, Commercial, Industrial
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Table 16. Default Load Growth Escalation Factors by Region

NERC Region | Default Escalation Factor Value'

1. NPCC 0.8%
2. RFC 1.4%
3. MRO 2.3%
4. FRCC 2.6%
5. SERC 2.2%
6. SPP 1.8%
7. TRE 2.2%
8. WECC 1.6%
9. ASCC 2.2%
10. HI 1.3%

13 Source: U.S. Census Bureau, Population Division, Interim State Population Projections, 2005.
http://www.census.gov/population/www/projections/projectionsagesex.html

14 Source: 1990 - 2008 Retail Sales of Electricity by State by Sector by Provider (EIA-861),

http://www.eia.doe.gov/cneaf/electricity/epa/epa sprdshts.html
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Table 18. Default Energy Price Escalation Factors by Region
NERC Region | Default Escalation Factor Value®

1. NPCC 3.3%
2. RFC 2.5%
3. MRO 1.5%
4. FRCC 2.5%
5. SERC 1.8%
6. SPP 1.4%
7. TRE 3.9%
8. WECC 2.2%
9. ASCC 2.5%
10. HI 7.2%

The final escalation technique used in the SGCT allows the tool to complete its analysis even if less than
five years of project data are entered. It accomplishes this by interpolating the missing project data within
the first five years by following the trend set by the baseline dataset. It calculates the growth between two
successive years of baseline data and assumes the same growth for the project data. For example, if the
baseline values for years 2011 and 2012 where 100 and 120 respectively, and the project value for year
2011 was 50, the SGCT would interpolate the missing 2012 project value to be 60.

Benefits can be calculated out to the year 2040, however the user sets the parameter that determines when
benefits decline to zero (see Section 4.2.2 Data Input Module (DIM), DIM Step II). After this year all
benefits are automatically set to zero.

15 Source: US Bureau of Labor and Statistics CPI Database, All Urban Consumers (Current Series)
(Consumer Price Index - CPI), All Items, http://www.bls.gov/cpi/#tables

16 Source: 1990 - 2008 Average Price by State by Provider (EIA-861), Industry Sector Category = Full-
Service Providers, http://www.eia.doe.gov/cneaf/electricity/epa/epa sprdshts.html
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B.4 Detailed Explanation of S-Curve Model for Benefits Decline

The following methodology is not implemented in the public version of the tool. This methodology is
only implemented in the DOE version of the tool. The reason for this variation is that the DOE plans to
use the tool to determine the benefit of their investment grant programs in advancing the nations smart
grid. Therefore, benefits are defined by the difference between what happened given grant awards and
what would have happened without them. As a result of this benefit definition the year in which all
benefits for a particular project decline to zero isn’t necessarily determined by the useful lifetime of the
smart grid assets, it is defined by the year in which the baseline build-out would have reached parity
with the actual smart grid build-out. Therefore the type of benefit decline one would expect would be a
gradual decline in benefits shaped by the timing and speed of the build-out that would have happened in
the baseline build scenario. This gradual decline is modeled in the DOE version of the SGCT using an S-
curve. The s-curve qualitatively captures the rapid decline in benefits one would expect as baseline build-
out is rapidly completed followed by the gradual decline that would have occurred as operation of the
baseline system is optimized and refined. The details of this S-curve model for benefits decline are
explained below.

In addition to using forecasted input datasets to calculate future benefits, the SGCT determines future
benefits by fitting calculated benefits to an s-curve that models benefit decline over time. All benefits are
calculated by determining the difference between the actual status of the electricity system and the
counterfactual baseline status. The electricity system in the baseline scenario for the DOE analysis is the
hypothetical system that would have existed had the utility not received a government grant to complete
the smart grid project. It is assumed that in the baseline scenario the electricity system will eventually
reach parity with the project system because the utility would have implemented smart grid technology
that is on par with the project scenario at some point in the future. Therefore, because benefits are derived
from the difference between the baseline and project scenarios benefits are expected to decline to zero
over time.

In order to model this decline the SGCT leverages the following logistic function:

Pt= 1+eb Y

where:

P t = Portion of calculate benefit erive inyeart
t = year

Y = year that the baseline system woul have reache parity with the project system

b = parameter that controls the steepness of the s-curve decline.
The logistic function, P(t), yields an s-shaped curve that has a limit of 1 and 0 as ¢ approaches -e> and +o
respectively. The shape of the logistic function is depicted in Figure 24.
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Figure 24. Illustrative S-curve
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After all forecasted benefits are calculated using the forecasted inputs, each benefit value is multiplied by
the logistic function. As a result, in years that are much before the parity year, Y, essentially all benefit is
derived. As the year approaches the parity year benefits begin to decline. This corresponds to receiving
some benefit from the baseline scenario as the baseline system is being built. When t equals Y the logistic
function P(t) equals 0.5. In other words in the year that the baseline system would have reached parity
with the project system the amount of benefit derived is estimated to be about half of the calculated
amount. The reason derived benefits are not equal to zero in year Y is because a project team would likely
require a couple of years of operating the system after completing build-out in order to yield maximum
benefit. Depending on the value of the b parameters all benefits automatically decline to zero in one to
seven years after year Y.

The SGCT allows the user to set the parity year Y (see DIM Step II in section 4.2.2 Data Input Module
(DIM) for further details). Therefore, the user has full control over when benefits begin to decline. If the
user does not want benefits to decline at all between the project start year and 2040, the parity year can be
set to something much larger than 2040.

The SGCT also allows the user to set the number of years after the parity year that benefits will decline to
zero. Users can choose to have benefits to decline to zero in one to seven years after the parity year.
Depending on which option the user chooses the tool assigns a value to the b parameter which will cause
the s-curve to be more or less steep and in turn cause benefits to decline to zero over different periods of
time. Table 19 shows how user inputs are translated to b parameters in the tool.

Table 19 — Correspondence between b parameter and user input

b parameter User input

0.50 7 years from the parity date benefits degrade to zero.
0.58 6 years from the parity date benefits degrade to zero.
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0.70 5 years from the parity date benefits degrade to zero.
0.87 4 years from the parity date benefits degrade to zero.
1.16 3 years from the parity date benefits degrade to zero.
1.74 2 years from the parity date benefits degrade to zero.
3.48 1 year from the parity date benefits degrade to zero.

In summary, fitting escalated benefits to the s-curve allows the SGCT to realistically model benefit decline
in light of the fact that a smart grid system would have been implemented at some point in the baseline
scenario.

Below is the escalation factor input page for the DOE version of the SGCT. The last two parameters the
user enters on this page correspond to the Y and b parameter of the s-curve, respectively.

Figure 25 — Escalation Factor Input Page for the DOE Version of the SGCT
Step II: Enter Benefit Calculation Input Data, Escalation Factors

Directions: The Smart Grid Computational Tool can calculate costs and benefits of the smart grid project out to the year 2040. In order to complete this analysis
escaltion factors are applied to the inputs that have been entered. On this page the user can choose to use default escalation factors or they can enter their own

escalation factors in the "Value" column. To view a list of inputs affected by an escalation factor click the blue buttons in the "Inputs Affected” column.
Additionally, the user can enter a date at which the benefits from the project will begin to decline. If no values are entered in the "Value" column the default
values will be used. Once the user is finished click the button below the chart to return to the PDIM Main Page.

Escalation Factor Description Inputs Affected Value Default Value
! This escalation factor represents the customer population ! | !
Population Growth Factor !growth of the service area that the project impacts. ! View List of Inputs | ! 0.40%
| This escalation factor represents the electricity load | | |
Load Growth Factor 'growth of the service area that the project impacts. | e o it | i 2.30%
i This escalation factor represents the approximate i . . | i
Economic Inflation Factor ie:onom': inflation in the area that the project is located. i e o it | 1.40%i 2.10%
| This escalation factor represents the approximate i i i
i'nf ation rate of costs related to energy (i.e. whole sale i m | |
Energy Price Factor ie ectricity price, cost of ancillary services, congestion costs) i i i 1.50%
i i This parameter affects a i i
' tbenefit calculations. This !
!_h' s parameter represents the year the the baseline smart !\:ear determines when the ! l
!gr'd build would have reached parity with the project smart !benef'ts (calculated by ! !
!gr'd build out. In other words it represents the \:earthatthe!determ'n'ng the delta ! !
\bwo systems would have been approximately equal. The !between project and ! !
!base ine build out is the smart grid infrastructure that !base ine inputs) of the I I
Year that baseline smart grid !wou d have been implemented had a government grant not!proje:t begin to approach | |
build out reaches project leve !been awarded. !:ero. | | 2019
The baseline smart grid system would have reached parity with the project smart grid ! ! !
system by 201%. How many years after this date would you expect all benefits to decrease ! l !3 years from the parity
to zero? Keep in mind benefits are calculated as the difference between the project and ! This parameter affects a ! !date kenefits degrade to
baseling scenarios. !benef't calculations. ! !:ero.

Return to PDIM Main Page

This page is where the user enters the baseline build-out parity year. This is the year that the
counterfactual baseline smart grid system would have reached build-out parity with the actual smart grid
project being implemented. This date will help determine the time period over which the projected
benefits will decline to zero. The user should also enter the number of years after the parity year that
benefits will completely decline to zero. This is the other parameter that determines the time period over
which projected benefits decline to zero.
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